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VI^  International  Inland  Navigation  Congress. 

THE  HAGUE,  1894. 


Constraction  of  ship  canals  altbrdiug  operation 

at  high  speed. 


The  question  we  urukrUikc  to  examine  has  in  some  of  its  aapecta  been 
the  object  of  discussion  in  previous  Congresses. 

The  last  Congress  at  Paris  considered  the  first  question,  viz.  the  „Con- 
Bolidation  of  the  buiks  and  talus  of  canals;  the  means  in  use  for  the  con- 
solidation of  the  banks  and  talus  with  respeet  to  navigation  at  hiffhspetd; 
the  results;  the  expttoae  of  establishment;  and  the  inflnenoe  of  the 
loidth  of  the  channel. 

In  the  sixth  question  „Trantion  of  boats  on  canals"  was  considered,  so 
that  several  esspntial  part?*  of  the  programme  have  been  dipcnssed. 

The  first  question  of  the  Sixth  Conj^rere  comprises  the  examination  of 
all  the  relations  existing  }>ctween  a  boat  travulliug  at  high  speed,  tiie  wet 
section  of  the  canal  and  the  consolidation  of  the  banks.  These  relations 
must  be  made  dear  by  experiments  and  the  results  submitted  to  a  cri- 
tical examination. 

It  would  be  difficult  to  treat  all  the  points  <rf  this  large  programme  in 

a  Hirictly  limited  report,  even  if  tiie  neoesBary  experiments  liad  been  made 
in  sufficient  number.  As  regards  Germany,  this  has  not  been  the  case  and 
the  observations  given  in  this  report  respecting  the  different  points  of  the 
first  question,  observations  which  refer  only  to  inland  navigaium  ainals 
must  be  considered  merely  as  an  attempt  to  comply  in  some  measure 
with  the  demands  of  the  programme. 


BY 


Herr  GROHE, 


WMMr-B«aliwp«ator.  Maostor,  WratpluUft. 
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I.   INFLUENCE  OF  THE  DIMENSIONS  AND  THE  FORM  OF  THE  SECTION 
OF  THE  CANAL  ON  THE  SPEED  AND  THE  NECESSARY 
TRACTION  POWER. 

For  reasons  which  wfi  shall  explain  later  on,  it  has  been  {»enprnlly  more 
easy  to  determine  the  force  of  resistance  for  boate  and  trainn^  of  boats  in 
/ree  fivers  of  m  suffident  width  and  depth,  than  it  has  been  to  Mtimate 
the  traction  power  in  eanatt  of  narrow  seeHan,  In  any  case,  in  q>ite  of 
the  numerous  ezperimenlt  whidi  have  bem  made  up  to  the  pireeent  (1), 
it  has  not  been  possible  to  establish  rales  which  ooold  b«  safdj  applied 
to  the  various  proportions  between  the  submeiged  section  of  the  boat 
and  the  different  speeds  of  'vorlnip. 

Nor  do  the  oxperiinents  of  Herr  Mohr  on  the  canal  from  the  Oder  to 
tliL'  Spree  (2)  iippear  to  have  furnished  sufficient  basis  on  which  to  found 
a  general  formula  respecting  reaistauce. 

Perhaps  the  moat  important  ezperimants  are  those  which  have  been 
hitdy  made  in  Holland  aocording  to  which  a  perfectly  realisable  speed 
is  found  to  correspond  to  a  determined  proportion  between  the  wet  section 
of  tfte  canal  and  the  immersed  section  of  the  boat  and  cannot  be  aug- 
mented  by  an  increase  of  engine-power  (for  screw-boats). 

Nevertheless,  the  observations  which  have  been  made  up  to  the  present 
are  scarcely  yet  pufhcient  to  be  utiliHod  for  determining  a  section  of  canal 
which  would  be  in  all  respects  tn<'  t  lavourable.  A  more  scientific  founda- 
tion for  the  rules  laid  down  at  the  Vienna  Ck>ngress  is  therefore  still 
wanting. 


Importance  of  tralHe,  uianner  of  working,  the  tonnage  and  the  speed 
of  the  boats  and  the  wet  section  of  the  canal  are  all  mutually  correlative.  All 
the  experiments  proposed  by  the  programme  have  therefore  as  object  the 
solution  of  the  following  problem: 

Given  a  determined  movement  of  traffic,  how  is  to  be  arranged  the 
section  of  the  canal,  the  shape  and  speed  of  the  boat  in  such  a  way  that 
the  expense  of  oOBStruction  and  maintenance  of  the  canal  and  the  working 
of  the  boati^  would  reach  their  minimum  ?  The  speed  of  the  boat  has  a 
most  decided  influence  in  deciding  the  seetion  of  the  canal,  and  it  should 
he  observp'l  that  a  marc  rapul  and  Morr  rcnxdar  working  can  be  regarded 
with  jireierence  only  for  the  canals  on  which  a  iargtr  trafjic  either 
already  exist*  or  is  expected. 

(t)  Cotnpnn'  tlip  t  xpinimrnts  of  Hcrr  St  HNKi.i.  witli  trains  of  boats  on  the  Rhine 
(^2eitachrifl  fQr  iiauwesen  1^89),  as  well  as  the  valuable  exporiineata  communicated  to 
the  Pirii  Gongress  bjr  MM.  db  Has  »nd  Caiif.ii6. 

(S)  Compare  Zdtsehrift  fitr  Bauwesen  i89i. 


Digitized  by  Google 


8 


The  inoreaae  of  the  workiiig  speed  is  limited : 

1«<  by  the  nature  of  ihv.  coosolidiition  of  the  talus. 
2"'*  by  the  size  itself  of  the  section  of  the  canal. 

When  the  navigation  is  eflfected  by  screw  boats,  even  when  the  bjinkf* 
are  suflBciently  consolidated,  the  increase  of  the  motivp  power  beyoivi  a 
certain  degree  will  have  no  other  result  than  to  increase  the  number 
of  zeyolutions  of  the  screw  and  to  augment  the  working  of  the  wash 
upon  (he  banks.  It  is,  nevertheless,  true  that  the  utility  of  the  canal 
depends  on  the  ineresse  of  a^ced  so  long  as  the  irise  of  boat  ramuns 
the  same.  The  profit  or  utility  a  canal  is  frequently  misundeistood, 
probably  because  the  signification  implied  does  not  correspond  exactly 
to  the  real  meaning  of  the  word.  Generally  tha  utility  of  a  canal  is 
underst<)od  to  mean  the  maximum  number  of  kilometric  tons,  which 
can  be  transported  on  the  canal  in  one  year.  It  is,  liowever,  clear  that 
this  number  of  tons  only  depends  on  the  capability  of  the  locks  to 
admit  a  given  number  of  vesHols  at  a  time. 

By  increasing  the  number  of  locks  at  the  eztxemlty  of  each  reach,  or 
by  reducing  the  time  required  for  double  lockage,  or  even  by  inoeasmg 
the  time  of  working,  the  utility  in  this  sense  of  even  a  small  canal  conld 
be  increased  to  any  desired  extent.  la  fixing  the  signification  in  this 
pense  no  regard  is  paid  to  the  average  time  required  by  each  boat  for 
tbr  jmirnry  which  on  tbe  other  hand  determines  the  number  of  boats 
required  for  working  all  the  traffic. 

Theoretically,  therefore,  by  Uu  greateal  uliliUf  of  a  canal  should  be  more 
eorrectly  understood,  the  manner  of  working  and  the  size  of  the  boats 
being  given,  the  mmbtr  of  kUomtbric  Umt  which  can  be  furnished  by 
bo^  fiMy  laden  wwking  regularly  in  a  unit  of  time  with  a  mmMmm 
of  duration  of  eoyops  for  eacA  6oa<. 

TUdng  several  canals  of  equal  traffic  and  equal  means  of  transport,  the 
one  which  averages  the  greatest  kilometric  traffic  with  the  smallest 
number  of  boats  will  furnish  the  greatest  degree  of  utility. 

The  real  annual  utility  oj  a  canal  will  of  course  be  always  much  oelow 
the  greatest  utility  Uuorctically  possible.  Still  endeavours  ahould  be  always 
made  by  the  removal  of  hindrances  to  navigaUon,  by  the  establishment 
of  regular  working  and  by  the  improvement  of  plant  to  approach  as  nearly 
as  possible  to  the  point  of  theoretical  utility. 

In  determining  the  sections  of  canals  it  is  a  most  geneial  necessity  to 
reduce  to  a  minimum  the  «xpeot»  of  transport  The  difficulties  in  the 
way  of  determining  them  are  enormous,  because,  given  the  amount 
of  the  traffic  as  well  as  the  manner  of  working?  and  the  tonnage  of 
the  vessels,  the  speed  of  the  latter  would  still  depend  on  the  section  of 
the  canal  and  the'(x>n6olidation  of  the  banks. 

The  examination  becomes  still  more  difficult  when  it  ia  desirable  to 
take  a  deotsion  with  regard  to  the  tonnage  of  bMts  when  new  canals 
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are  to  be  eonstmetod,  beesnatt  the  aectioii  ef  Hbm  tuul  depends  in  the  fiiet 
place  on  the  size  and  foim  of  the  boats. 

It  is  evident  that  if  the  boats  are  small  the  section  of  the  canal  may 
be  lees,  or  that  the  working  speed  may  he  greater.  Besidee,  the  capacity 

of  tho  trnnsport  of  boata  is  limited  by  the  utility  of  tbe  places  for  loading 
and  unloading;,  tliat  is  the  opportunity  for  transliipnient.  On  the  other  hand 
the  expenses  of  transport  per  ton  for  8tiiall  boata  increai«e  very  rapidly. 
It  will  therefore  gcarcely  be  possihlf  to  come  to  a  penpral  decision ;  it 
will  be  necessary  to  consider  each  case  in  particular,  taking  into  account 
the  economical  interests,  the  position  of  adjoining  waterways  and  the  site 
of  their  section. 

In  any  ease  it  is  certain  that  the  tendency  to  augment  the  tonnage 
of  boats  is  so  preestngly  evident,  that  a  few  considerations  of  an  economi- 
cal nature  cannot  weigh  against  it.  Proof  of  this  liKct  has  been  famished 

by  all  large  waterway 3  with  large  trafTic. 

In  the  figure  on  plate  IV  for  <  xnrnple  a  table  will  be  seen  which  is 
taken  from  the  navigfation  registers  ot  the  dewlnpment  of  the  structure 
of  boats  belonging  to  the  fleet  of  the  Rhine  from  1848  to  1891;  these 
boats  am  of  more  than  600  turns. 

The  increase  of  the  tonnage  of  the  entire  fleet  of  the  Rhine  is  to  be 
seen  on  plate  V.  . 

According  to  these  statistics  the  tonnage  of  the  960  ships  of  more  than 
ftOO  tons  each  in  March  1892  was  equal  to  the  total  tonnage  of  the  remaining 
6178  boats  of  tho  fl(>('t. 

liately  the  same  tendency  to  an  increase  of  tonnage  f)f  iwata  has  been 
noticeable  on  canals,  espcf^ially  in  cases  where  the  canals  adjoin  a  river 
with  sutticient  depth  of  water. 

However,  on  canals  of  generally  narrow  section,  this  tendency  to  enlaiiE^ 
the  tonnage  and  the  speed  of  boats  enconnters  a  great  difficulty,  to 
which  hitherto  too  little  attention  has  been  paid,  vix.  the  loss  of  speed 
occanoned  by  the  croasing  of  boats. 

In  the  first  place  it  is  evident  that  when  with  a  heavy  traffic  the 
canal  can  only  be  traver<?ed  very  slowly  the  number  of  crossings  will 
increase  enormously  ;  and  this  will  occur  in  a  greater  degree  as  the 
tonnage  of  boats  is  less,  because  then  the  number  of  boats  necessary  must 
be  larger. 

Although  at  the  ^Henna  Congress  no  objection  was  made  to  the  theory 
that  the  crossing  of  boats  has  but  a  alii^t  influence  on  the  determination  of 
canal  sections,  as  long  as  the  total  space  between  the  boats  and  the 
banks  at  the  level  of  the  line  of  deepest  immersion  is  8  m.,  it  must  be 

admitted,  after  what  has  been  said  above,  that  the  influence  of  these 
cro»<ing8  in  such  narrow  waterways  must  really  be  taken  into  considera- 
tion. Therefore  it  is  necessary  to  examine  the  principal  points  connected 
with  these  questions. 
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/  wuft  eqtretHy  to  pomt  out  iheU  U  ta  Acme  merefy  aptetHonofaauperfiekU 
et^euiaHonj  but  thm  etUetUatUm  akead^/  Uad  im  to  oeknoiuMg^  lA«  tmjMw^ 
ttmee  of  the  gubjtctf  openatfy  in(4  referenee  to  (he  mmntmemee  of  a  nguiar 
worhkkg  at  high  epeed. 

The  Influence  of  hindrances  to  navigation,  particularly  the  crosning  of 
boats,  on  the  determination  of  the  section  of  canals  of 
extensive  trafflo  and  rapid  workinfl. 

Ab  fur  aa  I  am  aware,  the  influenoe  of  Iiindnuicaa  to  navigation 
on  the  avemge  speed  to  be  obtained  on  canals  of  small  seotkm  haa 
hitherto  only  been  disciueed  in  a  moat  general  way,  aa  the  neoesBBiy 

acientiilc  data  for  an  e»U9t  solution  oi  such  problems  are  wanting,  and 
practical  experiments  on  canals  with  an  active  trafric  by  means  of  boats 
of  large  dimensions  or  large  tonnage  have  not  yet  been  made  in  sufficient 

numbers. 

The  delays  auU  stoppages  occurring  on  almost  ail  canals  where  the 
traffic  is  increasing  were  generally  considered  as  inevitable  and  inherent 
to  the  nature  of  the  canal,  the  interruption  by  locks  neoesaarily  put- 
ting great  di£Biculties  in  the  way  of  a  regular  working.  It  waa  believed 
tiiat  no  remedy  could  be  fonnd  for  this  loss  of  time  except  by  fnereosKi^ 
the  eapaeUif  of  the  hch. 

This  measure  is  suitable  for  canals  with  long  reaches,  where  the  boats 
meet  with  few  hindraneef  and  cnn  make  full  nso  of  their  speed  between 
two  locks;  but  it  i»  insuilicient  when  \k>&\^  which  have  to  travel  as 
quickly  as  possible,  in  order  to  lessen  the  duration  of  the  journey,  are 
obliged  to  navigate  in  a  narrow  canal  which  is  full  of  hindrances. 

In  the  following  examination  it  will  be  shown  that  the  &voumh]e 
inflaence  which  the  widening  of  narrow  canals  ezercisea  on  navigation 
noay  be  calculated  within  certain  limits;  and  tiiat  this  influence,  even 
under  the  moat  &vourable  conditions  of  working,  aoquirea  exceptional 
importance  where  the  traffic  is  pretty  considerable. 

The  real  principles  for  such  a  calculation  of  the  loss  suffered  in  cros- 
sing and  its  influence  in  determining  tho  section  of  canals  of  large  traffic 
and  rapid  navigation  have  already  been  given  by  the  author  of  this 
report  in  his  report  of  July  1S91  on  the  advantages  of  widening  and 
deepening  the  canal  from  Dortmund  to  Bms. 

A.  Infiuenct  oj  himirmca  to  tutv^fton  on  <A<  mmvmaU  of  the  boait  m 
a  eanoi  wittoal  UxJtt, 

1.  Distance  travelled  in  the  time  t,  taking  inlu  account  the  dek^  earned 

by  hindrances. 

The  admissible    working   speed   i;  depends  on  the  available  motive 
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power,  the  nature  of  th(>  '  nnHalidation  of  the  bankfl  and  the  wet  aecUoD 
of  the  canal.  This  speed  is  lessened : 

1^^  by  hindrances  to  navigation,  such  as,  bridges,  safety  gates,  the  resis- 
tances of  curves,  croesing  with  other  boats  and  by  the  influence  of  wind 
and  waYes; 

2b<i  5y  terkun  ebligiUory  atoppages  csnaed  by  the  rules  of.  working, 
or  in  oonseqnoice  of  ciroumBtanoes  bionght  about  by  the  natuTS  of  the 

working. 

Tf,  aocnrding  to  Plate  I,  tig.  1,  we  designate  by  T  =  r,  +  +  Tj. ... 
the  sum  of  those  parts  of  the  canal  in  which  the  Ixiat  can  travel  at  full 
speed  V  ;  by  A  -  a,  +  ao  -f  •  •  •  •  those  parts  of  the  way  on  which 
varjHLions  of  speed  have  to  be  made  on  account  of  hindrances;  by  Vm  the 
average  speed  throughout  the  distance  A ;  and  finally  by  £  =  6|  +  ^  +  •  •  • 
the  distance  the  boat  could  bare  travened  at  the  admiflsible  speed  during 
the  time  it  was  stopping,  the  time  I  neoesaary  for  coTering  all  the  distance 
is  expressed  by  the  following  equation : 

1)  t  «  1^'  +  A  4.  J 

From  thus  i  xpiesaion  with  the  known  values  a,  Xj  ..  .  the 

distance  A'  may  be  found  on  which  full  speed  prevails  lor  a  determined 
time  of  navigation,  namely : 

2)  a:  =   ^  A 

Th(>  distance  tcavelled  L  traversed  by  the  Iwat  in  the  time  t  is  given 
by  the  equation 

L  ^  X  +  A. 

By  replacing  A'  by  ila  value  as  in  2)  we  have 

and  thence  the  general  equation  for  the  working 

^^8  T  

5)  L  =  8  -  8. 

2.   Conehmom  arnved  at  ftwn  the  equation. 

In  the  equation  the  first  member  ( v  signifies  the  distance  8  which 
the  boat  would  traverse  without  hindrances;  the  second  member  9  the 
distance  loet  6y  hmirancee. 
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The  equaticMi  holds  good  <Mily  so  long  as  Z  =  or  >  o  ihiu,  accor- 
ding to  equal&on  2) 

6)  fr  =  or>^H-5. 

If  X  <^  0  the  full  speed  cannot  be  attaine<l  at  any  point  of  the  distance 
travelled,  and  thp  average  ppcpd  influenced  by  B  becomes  lesw  than  r,«. 

It  is  however  i  \  i  i(  nt  that  in  the  fjeneral  equation  for  the  working  the 
case  of  Lockage  muAt  alao  be  included  as  8(K)n  as  by  a  is  understood  that 
part  of  the  distance  wbidi  the  boat  has  to  traverse  from  the  point  before  the 
lock,  at  which  the  speed  has  to  be  lowered,  up  to  the  point  behind  the 
lo(^,  at  which  the  speed  v  is  again  taken  up. 

B.  Inftumee  of  bindraneet  to  traffic  on  the  namgaUon  i»  a  reach  of  a  ccmtU. 

1.  'DMdan     the  reach  into  know  eeetUms.  fSxmg  of  prmeipUe. 

If  it  he  wished  to  attain  in  the  reach  of  a  canal  with  a  given  maximum 
speed  V  the  maximum  of  traffic  together  with  the  ehorteei  duration  of 
the  journey  and  the  Ucut  use  of  water  in  the  locks,  it  is  neeeasaiy 
that  after  each  lodging  the  boat  entering  be  immediately  rq^ed 
by  one  leaTing. 

This  necessitates  a  regular  xoorking;  thus  a  division  of  the  reach  into 
working  parts,  which  are  traversed  by  the  boat  in  the  same  time  f  as  it 
takes  it  to  traverse  the  distance  1^  at  the  place  where  the  lock  is.  (Com- 
pare fig.  2  Plate  I). 

The  length  of  the  part^  ^,  L  i^,  the  amount  of  the  liindrances  being 
known,  could  be  determined  according  to  the  general  equation  4). 

With  a  regular  working  there  will  be  two  crossingB  in  each  part 
of  the  reach,  one  always  at  the  end  and  the  other  at  a  place  on  its 
coune  to  be  fixed  with  regard  to  the  hindrances  to  navigation.  It  follows 
immediately  that  the  greater  the  hhulrances  to  navU/atton  in  the  divisions, 
the  smaller  nyill  hp  the  length  1  of  (hc^c  dimmm,  and  oimtequimdy  the 
m&re  numerous  tfu-  cnimngs  in  the  entire  rairh. 

As  the  hindrances  are  prreat**r  or  ninre  numerous,  the  number  of 
crossings  necessary  for  the  nmxiuium  trailic  iucretuieK  und,  with  the 
inevitable  Ion  of  speed  at  each  crossing,  which  again  influences  the  length 
I  of  the  divisions,  must  exerdse  an  extensive  influence  on  the  average 
speed  of  working  on  canals  with  large  traffic. 

If  stoppages  occur  in  the  traffic,  and  they  are  only  caused  by 
irregular  working  of  navigation  on  a  free  way,  in  spite  of  the  locks 
being  sufficient  for  the  greatest  average  daily  traffic,  the  immber  of 
crof^sintrs  itmst  increase  or  the  average  speed  of  the  boats  must  BufFer 
a  diminution  stiil  more  considerable.  The  same  occurs  when  at  certain 
limes  the  traffic  is  larger  in  one  dirt^clion  liuiUi  in  tlie  other.  The  di^ad- 
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vantage  caiued  by  fbe  cioMiiiia  will  then  be  rtiongly  felt^  lor  it  will  be 
diflSlcnlt  to  pmcure  qniekly  enough  the  boats  neceeBary  to  compenttite 
for  the  delays. 

If  during  a  certain  time  boats  are  locked  from  one  direction  only,  they 
will,  on  account  of  the  shorter  time  required,  follow  each  other  at  shorter 
ii'.tf  r\  ;ils  and  considerablv  delay  tho^e  coming  from  the  opposite  direc- 
tion; consccjuenlly  with  a  working  of  thin  kind  a  larger  number  of  boat« 
will  be  required  in  order  to  balance  the  delay  caused  in  the  transport  of 
goods.  This  is  of  the  greatest  importance  to  tnnspoit  companies  whose 
inteiest  it  is  to  a»e  the  least  possible  number  of  boats  in  order  to 
lesBoi  their  working  ezprnsee.  With  a  sadden  increase  of  traffic, 
ibr  example,  immediately  before  or  after  the  dosing  of  navigation,  before 
or  after  the  locking  of  the  canal,  also  at  times  when  transport  by  water 
is  augmented  on  account  of  an  interruption  of  railway  traffic,  the  necec- 
<\iv  of  ghortcniiig  tlu;  duration  of  the  joumey  and  a  more  rapid  succes- 
sion of  boats  is  nioHt  imperatively  felt. 

All  these  cousiderationa  show,  even  without  the  aid  of  figures,  that  on 
large  canals  with  an  active  teaffic  hindrances  to  traffic  should  be  dimi« 
nished  as  mnch  as  possible. 

2.  The  meaning  of  tmit  of  reach. 

If  in  a  regular  working  of  locks  we  regard  as  hindrances  to  navigation 
nnfy  the  cro»><infjp,  the  divisions  I  of  the  reach,  which  correspond  to  the 
distance  the  boats  navigate  in  one  direction,  become  equal  to  one 
another.  The  length  of  such  a  division  for  a  given  working  speed 
may  then  be  taken  as  a  unit  for  fixing  the  Iopb  by  crossings  or 
the  difficulties  of  working;  and  this  length  we  shall  in  fatnre  designate 
iar  detMming  by  the  expression  uml  of  reodb. 

The  unit  of  reach,  including  the  delay  caused  by  douUe  orossing,  can 
thns  be  traversed  by  boat  in  the  same  time  in  which  a  double  locking 
can  be  effected;  this  time  I  must  he  determined  on  the  hypothesis  that  a 
boat  pfTectP  its  first  crossing  with  the  boat  which  is  about  to  take  it«! 
place  in  the  lock  immediately  after  leaving  the  lock  and  with  the  amaUeal 
loss  of  lime  ■ponftihU. 

With  regard  to  the  above  conclusions,  every  hindrance  to  navigation 
by  reducing  the  average  speed  of  the  boat  shortens  the  length  of  the 
divisions  of  the  reach  and  tfaiereby  increases  the  number  of  omeshigB; 
these  difficulties  increase  with  every  irregularity  in  the  working  and  with 
variations  in  the  amount  of  the  traffic;  under  these  conditions  a  calcula- 
tion of  the  losses  of  sjiced,  with  exclusion  of  all  hindrances  except  gros- 
sitigs,  will  give  in  round  numhers  the  loss  as  mnrh  rfrnsidenbte  than 
if  account  were  taken  of  other  liiudrancc    which  might  exist. 

Therefore  tlie  total  removal  of  hindrances  by  a  widening  of  the  section 
of  the  canal  must  be  of  greater  importance  than  calculation  would  give  us. 
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C.   Euminaiion   of  loim   of  spetd   euaatd   in  a  f§aeh  tokly  by 

'Th"  different  kinds  of  working  may  be  divided  into  two  groaps 
namely  comtant  and  variable  foroes. 

1.  ConttmU  mrkmg. 

The  working  of  constant  forcen  oomprispH  those  sorts  of  niovenients  in 
which  the  motive  power  is  in  such  connection  with  the  boat  that  it 
cannot  be  c;ontrolled  by  a  brake,  but  must  be  completely  interrupted 
when  it  ie  neoettary  to  moderate  the  speed.  To  this  kind  belongs 
towage  (woxked  from  the  bank).  When  the  section  is  so  nar- 
row  that  the  working  speed  must  1>e  moderated  ibr  cvoestng,  the 
loss  of  time  caui^ed  by  the  interruption  and  re-establishment  of  the 
connection  with  the  motive  power,  during  which  the  boat  lies  still  or  has 
no  rppnlar  movement,  must  nccordinp  t<^)  thf»  equation  1 V  ho  represented 
by  a  quantity  (coinjiare  8ul>-fiivision  E).  As  in  the  unit  there  are  two 
crossings  the  length  of  the  unit  should  be  expressed  by 

As  soon  as  in  the  constant  working  any  mechanism  is  introduced, 
which  allows  of  the  modoation  of  the  speed  by  the  aid  of  a  brake,  the 
working  of  the  power  may,  as  regards  the  boat,  be  considered  here  also 
as  variable. 

3.  VariiMe  wriing. 

Under  tli;>'  ]umd  nvr  compriHcd  other  kinds  of  working,  as,  manual 
labour,  to\v;LiM   in  liorses,  by  locomotivep,  ttig-boata,  electric  power,  et^'. 

From  lig.  6  Plat«  1,  where  the  movement  of  two  croasiug  boats  is  shown 
by  indicating  their  speed  at  each  side  of  the  water4ineB  and  by 
rq[»re8«iting  some  of  the  posttions  of  the  boatSi  it  ia  evident  that  the 
speed  Ibr  each  boat  beoomea  the  same.  The  l«igth  of  the  croe- 
ging  og  most  for  safety  be  taken  longer  than  one  boat's  length,  in  order 
that  the  boats  at  the  most  critical  moment,  just  before  the  commencement 
of  the  crossing,  will  undoubtedly  have  attained  their  minimum  of  speed. 
From  equation  4)  it  follows  for  this  special  case,  since  6  =«  o : 

The  loss  of  tipeed  for  a  train  of  boats  drawn  by  a  tug  must  be  calcu- 
lated in  the  same  way. 
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0.  DetermmaHm  of  lou  of  ^peed  in  erouingt  in  a  eawd  of  futrrom  Mdion 
compared  with  a  wide  eeeHon. 

For  the  foUovviag  diacussion  we  take  as  a  Uasib  the  wet  section  of  the 
cnoal  shown  in  fig.  1  Plate  I  which  has  a  bottom  width  oi  14.0  m.  and 
a  depth  of  2.0  m.,  and  a  aeetlon  of  a  boat  of  6.5  m.  width  and  a  draught 
of  1.70  m. 

The  eection  of  the  boat  is  the  largest  chosen  in  proportion  to  the 

width  oi  the  locks,  which  is  7.0  m. 

There  are  canals  of  a  similar  section  in  the  working  of  which  the 
locks  allow  a  pnssapf  to  still  larger  vessels. 

The  proportion  between  the  wet  section  of  the  boat  and  the  wet  section 
of  th«'  canal,  1  :  n,  and  the  lorci  H  of  traction  do  not  suffer  such  eonsider- 
aide  cliange  by  a  moderate  widening  that  on  this  account  alone  a  wide- 
ning can  be  regarded  as  neocBBaiy. 

Thus,  for  the  eectbn  we  have  taken  1  :  n  increaeee  by  a  widenii^  of 
2.0  m.  from  1  :  3.6  up  to  1  :  40  while  the  power  of  traction  decreaeea 
from  535  k<:;.  to  503  kg.  (1).  On  the  other  hand  great  importance  mast 
be  attached  to  the  spaces  hetwem  the  boad  and  the  banh  at  times  of  cros- 
sing aa  these  pxprfisf  the  {greatest  influence  on  the  crossing  of  long  and 
heavy  Iwats.  Although  tlie  expt^rinients  made  up  to  the  present  do  not 
allow  ol  the  most  appropriate  measure  for  these  spaces  being  d(?tcr- 
mined,  it  must  be  acknowledged  that  a  widening,  however  small  it  may 
be,  of  the  section  of  a  narrow  canal  will  afford  great  advantage  in 
croastngs.  In  keeping  the  same  space  of  abont  1  m,  between  the  two 
boats,  the  widening  of  the  canal  will  increase  the  spaces  between  the 
boats  and  the  )>anks,  which  is  of  the  greatest  importance  to  the  steering 
power  of  the  boat. 

It  is  beyond  all  donbt  that  the  steering  power  of  the  boat  at  times  of 
crossing  cannot  Ije  niuintained  when  the  spaces  between  the  boats  and 
the  banks  are  too  narrow,  and  that  cuUisiuus  and  serious  damage  cannot 
be  avoided,  unless  the  speed  of  the  boats  be  considerably  moderated.  For- 
merly no  thorough  examination  of  the  question  of  loss  of  speed  at  times 
of  crossing  was  made,  probably  becanse  the  traffic  at  th»  time  of  the 
commencement  of  the  working  being  ganenUy  estimatsd  of  rather  smaU  extent 
it  was  believed  that  theae  losses  of  speed  would  not  have  much  influence 
on  the  regularity  of  the  working  or  on  the  increase  of  tlie  working  ezpensss. 

For  determining  the  lo??  of  speed  to  he  expected  there  are  certain 
data  which  should  not  he  neglected ;  which  although  they  cannot 
be  proved  by  figures  can  be  wdl  justitied  by  the  nature  of  the  working. 
Chaogee  in  the  crossing  space,  if  not  too  great  in  proportion  to  the  extent  of  a 


(I)  According  to  tlie  lomuta  of  liouA  P  =  140  /       '  -1  for  ir     1,4  m. 
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traffic,  have  no  veal  influence  on  the  reaolt,  as  is  shown  by  calculation 
and  will  be  pioTed  later  <». 

In  working  with  comUmt  power,  at  a  speed  of  0.B  m.  or  1.0  m„  it  is 
dangerous  in  the  narrow  aeotion  of  the  canal  to  give  to  two  boHi.<«  at  the 
same  time  the  full  working  speed  at  the  place  of  crosj'ing.  Either  one  of 
the  V>oat8  must  remain  motionless  against  the  bank  and  wait  until  the 
otlier  has  passed,  when  it  muflt  be  pushed  oft  and  ajrnin  attju  lied  to 
the  rope,  or  both  boats  leave  the  rupe  and  paiM  each  other,  in  which 
case  propulraiMi  by  hand  could  g^ve  a  speed  of  about  0.30  m.  and  then 
be  reconnected  with  the  rape.  In  both  iheee  cases  the  loss  of  speed  would 
be  the  same  for  one  boat  as  for  the  other. 

By  reducing  6  to  a  narrow  section  ««,  approadbes  more  to  the  value 
of  variable  working  power;  and  the  same  applies  to  fnnicolair  traction 

with  a  brake. 

When  tlie  working  is  eHected  with  variaVde  power  it  must  ho  admitted 
that  in  a  narrow  Rection,  when  Ijoats  eroi*s.  the  speed  is  diminished  to 
0.3  m.,  and  in  order  to  avoid  collisions  the  brake  should  be  in  action  at 
more  than  one  boat's  length  before  the  eroseing  takes  place.  On  the  con- 
trary in  a  wide  section  the  speed  need  only  be  reduced  to  0.8  m.  and 
the  brake  need  not  work  so  soon,  because  the  diminution  of  speed  is  lees 
considerable  and  the  steering  power  is  greater. 

Thif'  maximum  speed  of  0.8  m.  at  the  place  of  crossing  is  maintained 
in  widened  .'sections  for  j^peed^!  of  1.0  m.  np  to  1.4  m,,  although  it 
appears  that  a  speed  of  1.0  m.  can  he  attained.  In  any  ru'*^,  in  ortler 
to  avoid  colli«ions,  the  Iwat  should  moderate  its  speed  in  nood  tinif  by 
using  the  brake,  and  the  distance  at  which  it  should  commence  to  use 
it  should  really  not  be  lees.  (Compare  fig.  5,  Bate  I).  On  the  other 
hand  it  app^is  allowable  to  somewhat  shorten  the  distance  within  which 
the  boats  may  again  use  full  speed  after  the  croering. 

The  same  manner  must  be  followed  in  determining  for  the  formap 
tion  of  a  train  ot  two  or  more  boats.  As  the  danger  in  the  crossing  of 
two  trains  is  greater  than  in  the  crossing  of  two  fingle  boats  a  relatively 
greater  distance  and  a  minimum  speed  must  be  allowed  :  and  for  the  narrow 
K'etion  aceount  should  he  taken  of  the  greater  fiistance  at  wliieh  the 
change  of  speed  should  be  effected.  For  the  present  we  will  <liscuijti  only 
the  loss  of  speed  in  the  croesing  of  two  single  boats  fulLj  loaded. 

No  great  exactitode  is  in  any  way  claimed  for  the  values  of «»  for 
different  working  speeds  formed  according  to  fig.  5,  Plate  I;  but  we 
may  grant  with  sufficient  safety  that  for  a  purely  superficial  examination 
the  divergencies  are  within  allowable  limits. 

According  to  this,  to  prove  the  favourable  influence  of  a  widening  of 
the  section,  these  average  values  Vm  may  be  employed  without  thinking 
further  of  the  calculation. 
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E.  Com^pariaon  of  the  k»  of  tpeed  m  a  nafTow  mitii»  and  a  widrntd 
meUon  and  a  graphic  rtpmetdeOion  of  ih*  rmiUt, 

1.  RdaHan  tetwwn  the  amomt  of  traf^^  dumCton  of  timo  of  locking  and 
the  wMi  of  reach, 
Fiom  equation  8) 


it  appears  that  the  increase  of  the  unit  of  reach  within  the  limits  of 
equation  6)  agrees  precisely  with  the  time      as  the  aeoond  member, 

namely  the  wny  lost  remains  constant. 

The  duration  of  a  double  locking,  including  the  time  for  the  distance 
which  the  boat  must  traverse  before  and  behind  the  lock  until  the  lir&t 
crossing  is  reached,  determines,  as  has  been  said  above,  the  onit  of  reach, 
that  is:  the  diUanee  between  boaie  or  traine  meigaling  in  the  eeme  dkreetien. 

The  dietanoe  k  fiK>m  the  first  croning  before  up  to  the  first  eroeong 
behind  the  lode  was  therefore  a  known  quantity. 

In  the  calculation  of  the  value  of  /„,  or  of  the  unit  of  reach,  it  must  be 
supposed  that  the  traffic  existing  on  the  canal  is  sufficient  to  keep  the 
locks  continually  at  work  ;  for  it  is  only  with  ji  regular  working  with{)ut 
stojtpage  that  the  lK)at  lea\nng  the  lock  can  be  replaced  by  another 
entering  with  the  least  possible  loss  of  time. 

If  the  traffic  does  not  reach  this  extent,  it  is  dear  that  the  boate 
after  each  double  lodcing  will  not  effect  the  first  croeeing  immediately 
before  or  after  the  lock,  but  that  a  greatiHr  distance  will  be  traversed  ftom 
the  look  to  the  firat  crossuig.  In  this  case  reprooents  a  variable  quantity* 
which  becomes  greater  as  the  daily  average  traffic  is  less.  The  fault  thus 
committed  for  the  determination  of  the  unit  of  reach  would  not  be  of 
much  itnportance  except  for  very  fshort  reaches,  for  which  on  other 
grounds  tlii^  entire  study  has  no  practical  signification.  The  same  view 
applies  to  H  case  of  growing  traffic. 

For  the  maintenance  of  a  growing  traffic  the  necessary  number  of 
locks  should  he  constructed  side  by  tide  and  the  distance  between  the 
navigating  boats  will  become  less.  The  equation  for  the  distance  of 
isohited  boats 


suffices  therefore  with  sufficient  general  exaclittule  for  any  amount  of  traffic 
as  soon  svi  the  time  (,  which  corresponds  to  the  amount  of  traffic,  is 
detenniuetl.  If,  for  example,  the  yearly  traffic  is  A  tons,  supposing  an  annual 
lock-time  of  270  days  of  10  hours  and  a  cargo  of  400  (1  +  =  480  t 
the  double  locking  will  bo  found  to  be: 
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in  irhicb  ('  signifies  the  nnmber  of  miotttes  oocnpied  in  double  locking 
with  the  distance  I  variable  according  to  the  amount  of  traffic  A. 

In  fig.  1  Plate  II  the  values  for  the  distances  of  boats  with  incrsasing 
duration  of  locking  arc  given  for  the  speeds  v  =  1.0  and  1.4  m.;  and  the 
annual  amount  of  traffic  given  is  calculated  according  to  the  equation  9). 
From  this  fitrure  it  appears  that,  with  a  lesser  working  speed,  the  distances 
of  the  boats  decrease  whilst  the  loss  by  crossings  increases. 

2.  DHtnnincUion  of  ike  dutanee  m  fA«  tmU  of  (mrs. 

The  distance  in  the  unit  of  time  lan  be  immediately  found  from  equa- 
tion 8)  by  dividing  by  V 


The  results  of  tiiis  calculation  are  shown  in  %.  2  Plate  II  above  the 
axis.  Strictly  speaking  the  exact  value  of  S  for  the  calculation  of  the 
time  of  working  on  the  whole  length  of  the  canal  can  only  be  applied 
when  <liflerent  reaches  L  between  the  placea  of  locking,  divided  by  the 
measure  of  the  unit  of  reach,  give  an  integral  numbi  r,  :u  was  shown  in  H. 

It  is,  however,  at  once  evident  that  if  this  he  not  the  case  the  average, 
workiing  speed  of  the  canal  becomes  so  much  less,  the  length  of  the  unit 
of  reach  is  rsdnced  and  the  number  of  croeaings  in  a  regular  working  is 
increased;  so  that  by  the  introduction  of  the  above  unit  of  distance 
8  the  value  of  the  loss  by  crowung  will  be  less  and  the  advantages  of 
the  widening  will  be  greater  than  was  calculated. 

3.  Represmlniion  of  the  increase  nj  distance  per  iccond  by  means  of  widening 
of  the  teetwn. 

The  results  of  calculations  appear  most  clear  when  the  increase  of  speed 
baned  on  the  unit  of  distance  is  shown.  Let  us  represent  the  distance  per 
second  in  a  narrow  section  by  c,  the  distance  per  second  in  a  widened 
section  by  ?r  and  the  gam  on  the  enlargement  will  be 


Hie  values  (  ,>  ~  ^  |i  which  are  calculated  for  the  two  speeds  1.0  and 


1.4  metres  and  are  riiown  beneath  the  axis  of  fig.  2  Plate  II,  represent 
therefore  the  saving  in  distance  which  may  be  attained  by  widening  of 


10) 


11) 


section. 


s 
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From  lig.  2  it  follows  that  tiie  loss  by  crossings  has  less  influence 
on  the  economy  of  time  in  navigation  when  the  working  speed  in- 
creMes,  for  the  units  of  reach  oorresponding  to  the  greater  speed  become 
longer.  Nevertheless  the  ecfmamy,  at  a  speed  of  1.4  m.  witii  an  inoreaaed 
traffic,  is  very  considezable;  this  speed  however,  for  practical  reaaons, 
cannot  be  much  exceeded,  or  the  movement  of  the  water  would  waah 
away  the  bottom  and  the  banks  of  the  canal. 

F.  Demonstration  of  the  return  for  different  amounts  of  traffic  in  cmiaetiuence 

of  the  mcrmse  of  teetion, 

1)  Jieaton  far  laying  out  capital  in  toidemng. 

In  order  to  judge  of  the  return,  it  seems  neoeasaiy  to  calculate  not  only 
ihb  interest  on  the  capital  employed  but  likewise  amortisation.  It  will 

be  sufficient  to  require  about  3  interest  and  1  amortisation  on 
the  (ost  of  construction.  Besides  this  it  is  absolutely  indispensable 
to  establish  supposed  economies  for  different  derjrte.s  of  traffic^  and 
to  establish  that  even  for  a  traffic,  not  abovi'  the  lowest  which 
can  be  expected,  the  application  oi  tlie  rules  remains  economically 
justified. 

In  widening,  whoa  the  annual  traffic  remains  the  same,  the  economy  is 
eiected  on  the  working  expenses  of  the  canal  in  proportion  to  the  greatest 
average  speed  and  in  relation  to  the  interest  on  the  capital  engag^  in 
the  working,  only  ve^en  all  other  real  advantages,  which  are  too  numerous 

to  specify,  are  provisionally  left  on  one  side,  eppet^ially  the  great  impor« 
taucc  of  increaacd  security  in  the  working  of  the  traffic. 

2)  DttmnintUiim  of  the  expenaet  of  vwrkmg. 

As  a  basis  tor  the  expenses  of  working  the  report  of  iSyMFHKK  .jKx- 
penses  of  transport  on  railways  and  canals"  pages  20 and 21  may  betaken. 
Among  them  are  counted : 

a.)  the  working  expenses  of  navigation  on  the  journey  of  247  km.  on 
the  canal  from  Dortmund  to  Bms,  taking  as  basis  an  annual  traffic  of  1.3 

millions  of  tons,  going  and  returning  (the  journey  as  far  as  Emdoi 
full  freight,  returning  '.5  freight)  for  the  m  t  l<iloraetric  ton  at  an  average 
of  0.397  p/mnifi^  for  jroin«r  and  returnnig.  under  the  supposition  of  a 
regular  working  without  interruption  *  xisting  up  to  the  present  at  the 
locks.  (Compare  page  11  of  the  report.) 

A.)  The  interest  of  the  working  capital  at  0.077  pfennings,  therefore  a 
total  of  0.4B9  pfennigs.  For  this  a  total  of  0.4  pfennigs  only  will  be  taken. 
Sympkbr  has  already  discussed  the  return  of  this  sum,  which  represents 
also  about  a  sufficient  and  just  average  value  for  the  expenses. 

If  the  expenses  are  found  to  be  really  less,  the  superiority  of  traiif^j)(>rt 
by  canal  ovor  transport  by  railway  vrith  r^ard  to  cheapaess  is  proved  and 
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a  widening  of  the  canal  for  the  facilitation  of  navigation  is  justified.  If 
the  working  expenses  are  greater  than  here  given,  the  economy'  actually 
realised  is  larger  in  proportion.  In  tho  working  expenses  it  mu8t  l)e  Uiken 
into  consideration  that  the  outlay  for  working  power  in  a  vvidtiued  se('tion 
(for  example  for  steam  power)  is  certainly  higher,  for  in  order  to  traverse 
a  longer  diBlance  in  the  same  time,  other  oonditions  b^ng  the  aame,  a 
greater  power  is  employed. 

But  we  may  oonnder  that  an  important  part  of  tiiie  Burplus  power  nsad 
is  compensated  for  by  the  greater  regularity  of  {be  working  and  the 
lessening  of  the  traction  power  necessary  on  all  the  courfe  of  the  enlarged 
srvtinn.  a<s  also  by  the  omplnymont  of  punter  power  for  the  attainment 
of  the  full  speed  m  a  narrow  sprtion  after  cropsintr. 

According  to  the  data  of  Sympher  the  cost  of  the  working  power  alone 
per  net  kilometric  ton  amounte  to  0.04  pfennig,  and  the  annual  traffic  Ui 
aooounted  to  be  equally  divided,  eo  that  the  eroesings  are  reduced  to  a 
minimum.  This  hist  circumstance  influences  the  result  very  considerably 
as  will  be  shown  later  on.  The  amount  of  the  traffic  A  being  known  and 
the  figure  of  0.004  mk.  being  given  for  the  net  kilonietric  ton,  the  eco- 
nomy in  working  expenses  for  thi>  kilometre  in  length  of  canal  may  be 
determined  by  multiplying  Z  (equation  11)  in  a  widened  section;  thus 

12)  B -ilX0.004X^- 

The  quantity  A  must  be  taken  in  pn>portion  to  the  amount  of  the  traffic 
from  fig.  2  PUte  II. 

For  example  if  ii  =  1.3  millions  of  tons  (in  prapoftion  as  t*  »  60 
nUnutes)  the  part  Z  —  0.11  and  thus: 

£  »  laOOOOOy 0.004  X  on  »  672  Marks. 

On  Plate  III  the  valnef!  E,  d,  h.  that  is  to  say  the  economy  per  kilo- 
metre of  length  of  canal  are  given.  They  serve  for  diflerent  degrees  of 
Itaffic  by  resson  of  a  sufficient  widening  of  .the  section  of  the  canal  with 
the  supposition  of  working  speeds  «  =  1.10  m.  and  «  =  1.4  m. 

it  will  be  seen  that  with  a  great  incresse  of  traffic  very  mwA  gnaier  temwmy 
is  obtained.  Thus  for  a  traffic  of  1.8  millions  of  tons  the  saving  amounts 
to  572  marks;  for  o.ltS  millions  of  tons  13880  marks,  or  more  than  24 
times  a«  much,  ron^iequently,  on  canals  of  large  traffic,  even  when  the 
losses  ol  speed  are  less  than  shown  in  fig.  5  of  Plate  I,  the  f<!iving  etlectiid 
by  the  choice  of  a  suthciently  wide  section  amonts  to  a  very  conside- 
rable sum. 

3b  The  limits  toUMn  tchieh  the  vndening  may  be  efected. 

In  a  narrow  canal,  which  leaves  little  free  space  between  the  boats  and 
the  banks,  a  perceptible  incfeaae  oi  speed  may  be  rendered  poerible  by 
widening  somewhat  this  free  space  at  the  places  of  crossing  and  advantage 
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may  be  taken  of  it  hv  developing  full  speed  as  -joon  as  this  space  hns  attained 
a  certain  limit  so  that  a  more  ample  widening  would  be  of  no  use.  But  on 
aceuunt  of  the  expense  such  wide  sectiouB  should  only  be  built  when  an 
miimially  laxge  ^tension  of  toaffic  and  favourable  conditiona  of  bottom  can 
be  counted  upon.  In  general  a  leeaer  widening  will  sufQoe  to  obviate  the  piin- 
dpal  diffieulttet.  It  is  unfintnnately  not  yet  poMdble  to  determine  with 
sufficient  exactitude  the  degree  of  widening  which  would  lower  to  the 
desired  extent  the  loes  by  craaring.  In  the  section  taken  as  example 
14  m.  wide  nt  bottom,  a  compamtively  small  widening  of  2  m.  will 
considerably  diminish  the  ditficulties  in  crossing,  as  by  keeping  an  average 
fre.'  space  of  one  metre  between  the  boate,  the  free  spaces  betw^n  the 
buat^  und  the  banks  are  doubled. 

In  order  to  determine  the  return  resulting  from  a  widening  of  2  m.  we  must 
suppose,  taking  as  basis  the  approximate  calculaiionB  for  canals  of  rimilar 
dimensions,  that  the  cost  of  constmcUon  amounts  to  800000  marks  and 
that  the  cost  of  eadi  supplementary  metre  of  width  mthin  the  limitt 
which  m  are  now  eonridermg  may  be  estimated  at  about  2  of  the  cost 
of  construction. 

Therefore,  in  view  of  the  interest  and  amortisation  of  4  f'/^  upon  this 
supplementary  construction  capital,  the  saving  realised  by  a  widening  of 
2  m.  must  amount  to 

2  X  300000  X       X       =  ^ 

According  to  flg.  1  Plate  III  this  is  the  result  for  a  speed  of  1.0  m. 
with  a  traffic  of  1.0  millions  of  tons,  and  for  1.4  m.  speed  with  a  traffic 
of  1.1  millions  of  tons. 

Any  objection  to  this  manner  of  calculation  as  being  too  favourable 

di?appear«.  if  we  consider  that  the  annual  traffic  is  never  cqnally  divided, 
but,  on  the  contrary,  increasei^  ver^'  much  at  certain  times,  while  at  other 
times  it  sinks  below  the  daily  average. 

4)  More  exact  ecJadaUon  of  ike  aamng  fbr  a  ^ioen  traffic. 

In  concluding  theee  observations  we  may  point  out  as  a  given  example 
how  the  fluctuations  of  traffic,  even  with  a  regular  working,  influence  the 
average  saving  in  working  expenses,  and  how  they  decidedly  show  the 
benefit  of  widening  narrow  sections  of  canals. 

Let  us  take  for  an  annual  traffic  of  1.3  miHions  of  tons  the  approximative 
division  of  traffic,  as  it  is  given  in  flg.  6  of  Plate  I. 

According  to  the  equation  12,  admitting  for  Z  the  values  of  fig.  2  of 
Plate  II  the  economy  is  858  marks  per  kilometer  ^for  a  ajx  i  d  of  1.4  m. ; 
and  1012  marks  for  a  sjieed  of  l.O  m.  The  saving  ou  the  2i)  days  of 
greatest  trathc  alone  amounts  for  t?  =  1.0  m.  to 


Digitized  by  Google 


17 


^X3900000X^  X  ^  «  462  marks, 

thue,  nearly  covering  the  expense  of  a  widening  of  2  m.  No  mention  is 
made  here  of  the  savtng  reacdting  from  the  diminntion  of  traction  power 
in  an  enlarged  section,  nor  of  the  unusuaUy  importani  adeai^agei  retnUing 
firom  greater  faciliti/  in  working. 

In  this  regard  it  sliould  not  l>e  forgotton  that  crossings  in  a  luirrow 
section  always  present  :l  (langfroiis  (lilliculty  to  navigation,  which  becomes 
greater  as  the  section  i^  narrower,  to  tliat  the  increase  in  the  number  of 
tbeee  difficalties  with  a  large  traffic  may  render  the  eetahliahment  of 
a  BQie,  regular  and  rapid  working  impoesible  on  narrow  canals. 

6.  Conaeqtteneet  for  canals  with  a  large  traffh, 

1.  )  In  narrow  sections  with  a  very  low  speed  of  abont  0.;^)  to  0.1  m. 
per  second  the  number  of  crosaingts  is  very  large,  and  on  tht  contrary 
the  loBij  of  speed  by  crossings  nearly  nul.  With  a  speeil  of  1.0  m.  the 
number  of  croesings  dimii^shes  but  the  loss  of  speed  at  the  oraesingB 
inereaees  very  rapidly. 

When  the  speed,  which  for  other  reasons  should  not  exceed  certain 
limits,  is  incraiaed  the  general  Ices  of  speed  becomes  slowly  less.  By 
widening  sections  of  narrow  proportions  important  advantages,  such  as 
economy  in  working  expenses  may  certainly  be  obtained,  even  nnd.  r  im 
favourable  conditions,  and  even  when  the  traffic  extends  t«>  about  1(hak««) 
tons;  this  applies  to  all  modes  of  working,  and  in  general  lor  ail  rapid 
working  speeds  which  come  under  our  consideration. 

2.  )  The  advantage  of  widening  is  above  all  apparent  when  the  traffic 
increases,  and  when  it  is  subject  to  inevitable  fluctuations,  from  which 
arise  difficulties  in  the  maintenance  of  a  regular  worldng. 

In  a  narrow  section,  even  when  the  traffic  does  not  much  increase,  the 
possibility  of  a  regular  working  is  rendered  so  difficult,  that  there  is 
quickly  a  gathering  of  boats  at  some  locks,  while  others  are  not  fully 
utilised ;  so,  that  in  order  to  avoid  lonp;  delays,  which  ean?e  a  considerable 
loss  of  time  to  navifration,  recourse  must  i)e  liad  to  the  Iniilding  of  second 
locks,  or  to  the  etsUiblishnieut  of  a  night  service  much  sooner  tlian  on  an 
enlarged  section,  which  guarantees  a  regular  traffic  to  the  boats.  The 
widening  also  admits  the  possibility  of  boats  in  local  service  and  the 
principal  through  traffic  on  the  canal  to  travel  undisturbed  side  by  side. 
The  oonstructbn  of  namerons  small  harbouis,  and  also  of  private  bar* 
hours  would  evidently  result  in  an  animated  local  traffic,  which  in  a 
narrow  section  would  place  nerious  difficulties  in  the  way  of  the  regular 
working  of  the  ])rincipal  thronph  traffic. 

3)  Certainly  in   the  first  period  of  working  in  most  cases  crossings  will 
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ODly  ooenr  between  Iciided  boats  and  empty  boate  or  boats  partly  loaded, 

and  consequently,  even  in  a  narrow  section  the  free  spaces  between  the 
boat  and  the  hanks  will  ho  a  little  mors  than  gtvea  above  if  the  nsoessaiy 
order  of  navigation  he  ohserved. 

//  i&JicUl,  however,  be  an  trnir  to  f^iM  thr  iri/ienin(j  on  this  fact,  for,  in 
time  and  very  quickly  the  cargo  of  the  boa,t(»  will  increase  with  the 
increase  of  freight  on  the  canal  and  then  the  free  space  will  no  longer 
be  sufficient  fiut,  even  supposing  that  a  croesing  of  two  fully  laden 
boats  would  be  oomparativdy  tare,  with  an  increase  of  this  kind  cros- 
sings cannot  be  quiekhf  and  aafefy  effeeted  without  widening  the  canal. 
It  will,  mostly,  be  easy  to  arrange  that  the  l>oats  in  crossing  are  at  some 
little  distance  from  each  other.  On  the  other  hand,  it  is  much  more 
difficult  to  steer  the  boats  in  such  a  way  that  the  respective  diftances  of 
the  boats  from  the  banks  remain  nearly  equal.  It  will  capily  h:ippen  that 
the  buatti  have  to  remove  from  the  position  required  for  crossing  w^ith 
regard  to  the  axis  of  the  canal ;  with  a  very  small  turn  one  or  the  other 
of  the  boats  will  unavoidably  touch  the  banks,  the  more  so  as  the  banks 
cannot  be  constructed  and  preserved  at  all  points  equal  and  exactly  in 
eonformity  with  the  projected  section ;  on  the  contrary  there  are 
numerous  small  irregularities,  which  increase  the  danger  of  collision. 
Bcf^idcfs,  even  with  a  moderate  wind  steering  will  hn  effecte<l  with  con* 
si(l(  rahly  greater  diffionlty  }>y  empty  boats  and  boats  with  small  cargo. 
With  the  nncqiml  division  of  traflic,  which  increase?'  considerably  for  a 
few  days  during  the  period  of  navigation,  the  advantages  of  widening 
augment  so  rapidly  when  there  is  an  increase  of  traffic  that  a  return 
even  under  unfavourable  suppositious  circumstances  can,  as  a  rule  he 
relied  upon. 

4)  Even  with  a  traffic  of  s  million  of  tons,  it  is  not  in  any  eaee 
prudent  to  construct  a  narrow  section  for  the  sake  of  economy  and  to 

postpone  the  widening  until  later.  As  soon  as  the  traffic  increases  the 
narrow  wction  will  bo  ?»'en  to  be  insufficient  and  a  f^oraplementary  wide- 
ning will  lie  necessary,  whicli  riin  then  only  be  made  at  preat  exp+^nse 
and  derangement  to  the  service  and  by  completely  removing  ai  leant  one 
bank  of  the  ainal.  Besides  this,  the  width  of  the  towing  paths  will  be 
unequal  unless  the  necessity  of  the  later  widening  had  been  taken  into 
account  at  the  time  of  coDStructton, 

It  appears  reasonable  to  allow  from  the  beginning  a  sufficient  measure 
to  the  expenses  to  cover  the  cost  of  with  ning  and  not  to  wait  until  the 
incaease  of  traffic  nece-miates  this  widening  In  fact  the  cost  of  the  cxtni 
width  at  the  time  of  con'«friTftion  \*  comparatively  i^mall  in  the  total 
amuuul  of  tl»e  cost  of  courftruction,  whereas,  for  tlie  reasons  above  given 
the  widening  after  the  canal  ba^  lieen  put  iu  working  generally  meets 
with  immense  difficulties  and  demands  large  pecuniar^'  sacrifices. 

It  is  abo  a  questbn  if  the  postponement  of  the  widening  until  the 
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time  when  the  trafflo  inoiaaMe,  iioun  uui  in  itaeif  delay  or  hiiKler  the 
inercMe.  Hus  is  moet  probabie  where  the  prices  of  ftnuwport  by  water 
diflw  bnt  little  from  the  ptioee  of  oompeting  railway  lines.  In  this  case 
it  will  scarcely  be  poBsible  to  obtain,  as  was  projected  at  the  time  of 
construction  of  the  canal,  the  impulsion  to  the  extension  of  the  traffic, 
that  is  to  say,  an  absolute  increase  of  traffic  without  prejodioe  to  the 
railway  traffic. 

5)  After  the  widening  the  working  of  the  yra»h  on  the  banks,  j)rinci- 
pally  in  the  crossings,  will  be  considerably  les^^ened ;  from  which  will 
result  a  saving  in  the  expense  of  erection  and  maintenance  of  the  con- 
solidation of  tiie  hanks,  or  the  possibility  of  proportionately  increasing 
the  woridng  speed. 

tf)  Binally,  let  ns  briefly  consider  an  exceptional  case.  If,  in  advance,  a 
traffic  may  be  expects  of  such  Importance  that  the  distance  between  the 
boat'--  'join?  in  the  same  direction  approa'^hps  perreptibly  to  the  sum  of  the 
two  lengths  (if  crnssinp,  the  possibility  of  the  mail  it*' mmce  of  a  regular 
working  is  very  doubtful.  This  may  Ikj  remedied  by  making  the  canal 
sufficiently  large  to  allow  of  three  boats  navigating  conveniently  side 
by  side,  or  by  forming  the  canal  for  two  boats  in  such  a  way  that  the 
distance  between  the  boats  be  reduced  in  a  snitable  manner  by  iocreasing 
the  siie  of  the  ▼sssels  of  transport 

Bat|  as  the  sise  of  Teisels  of  transport  can  only  be  increased  witiiin 
narrow  limits,  because  the  cuials  mostly  communicate  at  low  water  with 
navigable  rivers  with  a  determined  trans verpo  section,  the  construction 
of  two  entirely  distinct  canals  each  for  two  boats,  iuKtcad  of  one  canal 
for  three  boatij  should  be  taken  into  consideration.  Thus  the  security  of 
the  navigation  would  be  increased  in  a  manner  much  more  favourable, 
than  it  would  be  by  one  canal  fbr  two  or  three  boats.  It  must  also  be 
admitted  that  the  extra  expense  of  forming  two  canals  instead  of  (me 
would  be  compensated  by  an  incresse  in  the  movement  of  tnnsport 
as  a  consequence  of  the  placing  of  a  larger  number  of  industrial  districts 
in  communication  with  saefa  other. 

H.  LEAST  MEASURE  OF  DEPTH  OF  WATER  UNDER  THE  KEEL 

OF  A  LOADED  BOAT. 

A  sufficient  distance  between  the  ked  of  the  boat  and  the  bottom  of 
the  river  is  not  of  sucb  real  importance  in  the  Grassing  <tf  boats  as  the 
width  of  the  canal  at  the  plane  of  the  greatest  immersion  of  the  boat 
With  a  great  depth  of  water  the  power  of  traction,  which  is  above  all 
necessary  for  a  rapid  working  to  sinow-boats  will  bo  considerably  lessened 
and  consequently,  the  working  expense?  will  be  proportionately  diminished. 

For  trains  and  l)oats  navigating  alone,  which  are  of  the  largest  dimen- 
sions permitted  by  the  canal  and  workinj^  with  screws,  the  distance 
between  the  keel  of  the  boat  and  the  bottom  of  the  canal  must  be  calcu- 
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lated  in  adranee  mon  libexally  Uian  for  lliiMe  wMked  by  other  mMms, 
for  the  bottom  of  the  canal  is  uuiUttMl  by  the  action  of  the  screw  and 
the  working  of  the  waves  on  the  hanks  is  stronfrer.  The  greater  depth  of 
water  not  only  diminishes"  the  traction  required,  but  also  increases  the 
steering  power,  a  point  of  great  importance  to  tmins,  especially  in  the 
curves  oi  the  canal.  With  a  sufficient  depth  of  water,  too,  the  action  of 
the  water  behind  the  boats,  which  is  so  prejudicial  to  trains  in  croesing 
is  leflsened,  bo  that  inequalities  in  the  bottom  will  not  be  bo  likely  to 
cause  a  collision  of  tninB,  because  there  ifl  space  enough  under  the  boato 
for  the  water  streaming  transversely,  and  in  oonsequenoe  tiie  boats  do 
not  so  easily  escape  the  action  of  the  rudder  at  time  of  crossing. 

As  least  distance  s  between  the  keel  of  the  boat  ami  the  bottona  of  the 
canal,  we  may,  failing  exact  scientific  data,  take  for  model  the  following 
values: 

Table. 


I  LeMt  diatancp  between  keel  of  bost  sad 
'         bottom  of  oanal  in  oontimotora. 


in  torn. 

worked  by  tevew. 

worked  otkeniiM. 

WO 

40  om. 

SO  on. 

400 

50  , 

35  , 

000 

fio  , 

800 

1000 

80  , 

60  . 

III.  MINIMUM  RADIUS  FOR  CURVES  IN  CANALS. 

The  determination  of  the  smallest  curve  radius  depends  in  tlic  first 
place  on  the  natun-  of  the  working  at  high  speed.  The  larger  the  number 
of  boats  navigating  in  iile,  the  more  important  it  is  that  strong  curves 
should  be  ayoided. 

But^  on  inland  navigation  canals  it  is  not  neceesaty  to  form  Idng  trains 
except  wader  special  circumstances. 

This  necessitates  even  with  a  moderate  traffic  the  establishment  of  long 
train  locks  using  a  considerable  quantity  of  water,  or  the  parting  of  the 
train  and  the  establishment  in  time  of  two  locks  sidf*  by  side,  so  as  to 
diminish  tlie  duration  of  the  traject  fur  single  boats.  The  eeonoiny  of 
traction  power  in  the  employment  of  trains  on  canals  of  narrow  section  is 
not  so  great  as  it  is  on  wide  rivers.  By  observing  the  rule  laid  down  at 
the  Vienna  Congreas  ^incresse  the  width  of  the  bottom  in  curves  by  twice 
the  height  of  tiie  arch,  of  which  the  Bpan  rspresents  the  greatest  length 
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of  the  boat",  we  cannot  go  below  a  mdius  of  500  meters  for  canals,  which 
allow  of  a  rnpid  navigation  with  at  most  two  boat«  in  file.  In  case 
it  should  not  be  possible  to  avoid  a  pronounced  curve  on  the  part  of  a 
canal  with  strongly  consolidated  l)ank(»,  we  would  reconmiend  that  recourse 
be  had,  either  to  a  widening  of  the  bottom  to  a  greater  extent  than 
indicated  above,  or  to  an  increase  of  the  traosvene  eeotion  of  Uie  water 
by  steeper  consolidated  banks,  thus  obviating  as  much  as  pcerible  the 
gnmnding  of  Che  boats  in  the  carves. 

IV.  THE  MOST  PRACTICAL  AND  MOST  PROFITABLE  ARRAN6EMENT 
AND  COIMPOSITION  OF  BANKS  AND  SLOPES. 

Professor  Schlichtino  has  given  in  his  report  to  the  V">  Congress  in 
Paris,  page  17,  a  short  description  and  sketches  of  hank-dressinf»  executed 
by  way  of  trial  on  the  Ilaueken  Canal  near  Lingen  in  Hanover. 

The  trials  described  in  the  report  were  made  with  the  object  of  deter- 
mining which  construction  was  the  most  suitable  for  the  projected  canal 
licom  Dortmund  to  the  Ems. 

According  to  what  has  been  said  above  and  following  the  opinion 
ezpfssBed  by  the  reporters  at  the  Paris  Congress,  it  will  scarcely  be 
possible  to  find  a  consolidation  which  can  be  recommended  in  all  cir- 
cumstances. We  will  therefore,  here,  but  briefly  review  the  experiences 
made  on  the  Haneken  canal,  and  add  a  few  general  oViaorvationp. 

The  part  chosen  for  the  study  was  four  years  ago  made  free  from 
the  influence  of  frost.  Trials  were  made,  also  on  numerous  trips  with  a 
small  steamer  to  determine  more  exactly  the  influence  of  the  wash  on 
the  banks.  The  redressing  of  the  banks  with  concrete  and  pieces  of  brick 
or  with  mofton  has  relatively  given  the  worst  resnlta,  as  it  peeled  off  to 
a  more  or  lees  extmt  near  the  water-line.  The  same  most  be  said  of  the 
trials  made  with  the  application  of  a  construction  made  of  the  hydraulio- 
lime  of  BECKimER,  the  surprising  want  of  resistance  of  which,  may  be 
ascribed  in  a  great  measure  to  the  too  limited  duration  of  time  allowed 
for  its  hardening  before  the  frost  set  in.  On  the  other  liand  scorified 
cement  plates  have  resisted  the  action  of  frost  in  a  most  satisfactory 
manner. 

On  these  plates  no  effect  of  frost  has  been  observed  near  the  waters 
lin^  notwithstanding,  that  in  the  last  winter  periods  severe  froste  have 
frequently  occurred.  The  plates  are  50  cm.  wide,  1.35  m.  long  and  8  cm. 
thick. 

They  consist  of  a  comjiosition  of  scorified  ceiuent  and  sand  in  the 
proportion  of  one  part  of  pcorified  ccuient  to  three  parts  of  Hand.  Although, 
we  may  in  all  prohal»ilitv  conclude  from  the  experimentH  made  up  to 
the  present  that  this  material  is  capable  of  resisting  for  many  years  the 
influence  of  changes  of  temperature,  it  is  still  to  be  recommmded  that 
ejqierimente  in  this  direction  be  continued.  Acoordihg  to  the  condition 
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of  the  land  in  the  distriotB  through  which  the  canal  ie  cut,  and  according 
to'  its  naioial  reaouroea  in  wood  or  in  atone,  other  modes  of  oonstrnction 
more  oonTenient  and  leaa  expenrive  may  he  taken  into  conaidetation. 

1)  CondusioTu  from  thm  aq^erimenttt  and  propotitiom  fvr  a  prae(tea< 

Taking  the  foregoing  ofaaerratiCHia  aa  a  baata,  a  pradlnl  cooaolidation 
of  banks  must  Ailfil  the  following  principal  conditions: 

a)  Tbe '  materials  employed  must  above  all  be  capable  of  resistance  to 
frost,  be  of  BuflBcient  consistency  and  have  ss  smooth  a  snr&ce  as 

possible. 

h)  The  bank  protection  must  follow  projections  and  hollows  without 
leaving  any  brt'akB  or  crevices;  it  must  he  ('oni}>o8ed  of  ditlerent  parts 
and  yet  have  aa  few  joints  as  poHsible,  as  these  fieivour  the  working  of 
the  waves  on  the  material  of  the  bed. 

c)  All  must  be  so  arranged  that  repairs  can  be  easily  effected,  and  as 
for  as  possiblo,  independently  - of  the  influence  of  the  weather  and  without 
removing  any  other  part  than  the  part  damaged. 

A  diearing  material  of  plates  complies  with  these  conditions  and  the 
only  remaining  question  is  to  diminish  as  much  as  possible  the  expense 
of  laying  down  these  plates  while  retaining  sufficieDt  oonsistency  and 
power  of  resistance  to  frost. 

In  the  construction  of  the  part  of  the  ainai  taken  as  the  field  of 
experiments  the  expense  of  consolidation  by  means  of  artillcially  com- 
posed plates  was  less  than  the  expense  of  other  raode^  of  consolidation, 
in  which  varioos  stone  materials  were  employed ;  and  if  the  plates  were 
mannfactured  in  laigis  quantities  a  still  farther  reduction  might  be 
expected.  If  with  regard  to  oonstmctions  already  undertaken  there  should 
be  question  of  covering  the  banks  with  a  layer  of  concrete  and  to  insure 
its  durability  by  means  of  separate  pieces  at  fixed  distances,  there 
would  still  remain  the  difficulty  that  the  damaged  parts  could  not  easily 
be  separated  and  would  not  be  (as  should  l>e  the  case)  independent  of 
the  influence  of  t^'mporature;  and  alnjve  all  thai  the  e.Htal>lishment  of 
all  the  dressing  would  be  much  more  dependent  on  accidents,  than  it  is 
when  plates  are  employed  (which  can  easily  be  tested  by  experiment 
before  th«r  application)  and  the  hardening  of  which  when  properly 
applied  may  be  counted  upon  independent  of  the  influence  of  temperature. 

There  is,  likewise,  the  farther  advantage  that  in  the  mannfaetare  of 
these  plates  in  large  quantities  hydraulic  pressure  can  be  used  without 
any  increase  of  expense,  and  this  augments  largely  their  power  of 
resistance  to  chanees  of  temperature. 

Another  advantage  obtained  by  conaolidatiou  by  means  of  jilates  is 
that  for  the  washing  of  the  bed  and  of  places  where  the  consolidation  ^ 
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not  very  fixed  a  new  and  convenient  use  of  the  ])lates  is  rendered 
possible.  Go  the  part  of  the  cauai  uxpcnineuted  upun  a  good  remedy 
againrt  washing  was  found  in  tiie  luuilkiDg  of  teana  with  mosB.  Hie 
canUdng  with  mon,  whieh  allowa  for  expansion  anA  shifting  of  the 
plates  need  not  be  applied  between  all  the  plates,  but  only  at  larger  * 
diatanoes.  When  there  are  springs  in  the  bed  it  is  easy  to  deviate  the 
pressure  of  the  water  by  increasing  the  number  of  open  joints.  In  order 
to  obviate  the  washing  out  of  the  lower-bed  consistent  materials  muBt  be 
selected  for  its  composition  When  the  condition  of  the  ground  is 
particularly  unfavourable  n  special  under-bed  of  dry  concrete  should  be 
applied. 

We  have  now  to  connder  the  most  suitable  materialB  and  the  dimen- 
sions  of  which  the  plates  should  be  composed.  The  question  of  price 
will  decide  the  first  point 

On  the  other  hand  the  dimendons  will  be  depaident  on  the  slope  of 

the  plates.  In  any  case  it  is  advisable  to  avoid  as  far  as  poasihle 
horizontal  joints  in  parts  whicli  are  exposed  to  the  wash  of  the  waves 
and  to  the  inttuenee  of  temperature  near  tbe  waterline.  To  obviate  t\\e 
necessity  of  plates  of  too  large  a  size  the  consolidation  of  the  banks 
should  be  ilivided  in  a  consolidatetl  foundation  at  a  sufficient  depth 
below  the  water-line,  protected  as  far  as  possible  against  the  action  of 
frost  and  from  expaosioa  by  heat,  and  anotJier  part,  moveable  and 
independent  of  this  fonndation  and  not  at  too  great  a  slope. 

The  fonndation  may  either  in  one  piece  without  joints  he  made  on  the 
qwt  of  dry  concrete,  or  of  separately  placed  blocks. 

2).  Determination  of  mitabU  conditiom  of  slope  of  plaiea. 

In  the  debates  of  former  Congresses  it  was  not  found  possible  to  form 
a  decision  as  to  the  most  practical  blope  in  the  consolidation  of  banks, 
for  it  is  in  moat  cases  local  conditions  which  must  dedde  the  point 

The  consolidations  applied  to  llie  banks  ei  different  canals  show  an 
extraordinary  variety,  not  only  with  regard  to  form  of  construction  and 
the  materials  employed,  but  also  as  to  the  slope  given  to  the  surface 
dressing  of  the  banks.  Notwithstanding  that  these  difl'erences  are  explained 
by  the  diversity  of  the  object  to  be  attained,  it  must  be  acknowledged 
that  there  exists  at  the  present  day  great  uncertainty  concerning  the  best 
method  of  consolidation;  and  that  the  whole  problem,  at  least  as  regards 
canals  with  a  quick  working,  remains  in  the  at^e  of  more  or  less  success-' 
M  expwimoits. 

Generally  speaking  the  hdght  of  accumulated  waves  may  be  lessened 

by  a  correspondingly  steeper  incline  in  the  consolidated  part  of  the  bank 
and  the  resistance  offered  to  the  movement  of  the  water,  which  flows 
laterally  under  the  bows  of  the  boat  at  the  time  of  crossing  may  be 
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reduced  to  the  Rmallest  pro]>ortioiis  for  trnnsverno  sectionp  of  water  differ- 
ently limited  but  of  the  same  capacity,  by  means  of  slopes  luade  gradually 
Bteeper  towtwds  their  summit. 

On  the  oontrwy  tbe  mtre  fimned  at  the  etern  of  the  boat  loses  its 
'  force  Booner  in  flowing  on  to  a  bank  of  lees  elope  and  will  (hna  fiusilitate, 
if  only  in  a  small  l-  i\  the  progress  of  the  boat.  This,  however,  only 
applies  where  long  boats  are  concerned,  and  on  narrow  canals,  or  trains 
which  are  directly  influcnrefl  by  the  wash  of  the  waves. 

For  the  return  of  tlie  water  displaced  'ly  tlie  keel  of  a  passing  boat  it 
is  of  but  litth'  con^'t  quence  whether  the  part  of  th^  consolidated  bank 
near  the  water  line  has  an  incline  more  or  less  etet'p,  for  the  transverse 
section  of  the  body  of  water  between  the  boat  and  the  bank  is  not 
seriously  influenced  by  the  difference  of  slope  on  this  part  of  the  bank 
Besides,  by  removing  the  consolidation  of  the  bank  a  little  towards  the 
towingpath,  or,  according  to  circumstances  towards  the  waterline  an 
arrangemwt  may  be  found  which  will  -'i :'t<>  the  necessity  of  chaining 
the  tranpveri'e  section  and  tl)e  return  of  the  water.  It  must,  a\^c\  be  con- 
sidered that  very  steep  slopes  require  a  stronger  construction  and  that 
the  influence  of  frost  on  a  steep  conijolidation  increases  in  an  unfavour- 
able degree.  Experiuieuts  made  with  dill'erent  slopes  of  plaies  have 
shown  that  a  sbpe  of  about  1  :  1.25  to  1  :  1^  generally  answers  sll 
requirements.  A  less  slope  of  1  :  8  would  needlessly  imsrease  their  length 
and  a  steeper  incline  than  1  :  1.25  would  fireqnently  necessitate  a  greater 
consolidation  of  the  lower  bed.  We  can,  therefore,  not  adhere  to  the 
opinion  expressed  by  Schlicdtino  at  the  Paris  Congress  that  a  steep 
bank  consolidation  is  to  be  preferred  not  only  on  account  of  the  economy 
in  expense  of  maintenance  but  above  all  in  the  interests  of  oavigatioo. 

Sit  if  able  heUjlU  for  ihe  consolidated  part  abovt^  and  depth,  below  the 
waterline. 

Shcperiments  which  have  bewi  made  hav«  proved  that  with  a  slope 
within  the  limits  of  1  :  3  up  to  1  :  5  an  average  rising  of  the  water  of 
about  0.30  m.  above  the  water-level  ensues,  whereas  the  lowering  of  the 
surfoce  of  th(>  water  below  the  water-line  reaches  generally  a  greater 

value,  viz.  about  0.40  m. 

.•\f«  the  real  s|)eed  of  Htcarn-tugs  will  be  eon?idfrably  less  than  that  of 
the  siiiall  steamer  used  for  ihe  experiments,  we  may  suppose  that  the 
tluctuatione  of  the  wuvca  produced  by  the  steamer  at  tlic  water-line  will 
not  on  the  average  be  greater  than  at  the  time  of  the  experiments. 

Trains  <^  boats  generally  follow  the  central  line  of  navigation,  and  are 
thus  at  some  distance  from  the  banks,  so  that  the  body  of  water  dis- 
placed by  the  transverse  half  section  of  the  keel  of  the  boat  finds  a  more 
favourable  transverse  section  of  flow.  At  the  crojsing  of  two  boats  the 
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speed  of  prograst  decresaes,  and  the  speeds  prodnced  in  the  opposite 
direction  tend  to  equalise  the  quantity  of  water  diaplaoed. 

The  depth  of  the  foondatioo  of  the  bank  must  be  so  chosen  as  to 
absolatelyexdiide  all  danger  from  the  beating  of  the  waves  and  to  render 
very  firm  the  part  serving  as  support,  for  any  injory  to  the  foundatioD 
neoeasitates  expen^^ivn  repairs,  which  increase  in  an  unprecedented  manner 
the  cost  of  maintenance.  A. later  deepening  of  the  conBolidntion  would 
cause  a  i^reat  sacrifice  of  money  and  in  some  cases  necossitnte  the 
removal  of  the  pilework,  on  which,  for  economical  reasons,  the  base  of 
the  construction  is  supported. 

On  the  oonirary,  a  later  inoreaee  of  the  height  of  the  banks  above 
the  water-line  would  present  no  difficulties  in  execution  and  the  expense 
would  not  be  much  more  than  at  the  time  of  the  first  construction. 

Unfortunately,  experiraenta  have  not  furnished  any  reliable  data  as 
to  the  effect  of  the  depth  of  waves  arising  from  the  consolidation  of  the 
banks.  In  any  case,  it  always  advisable  to  let  the  lower  supporting 
body  terminate  in  a  slope  as  easy  j)  jssible  in  order  that  the  descending 
wave  may  not  reach  the  h&d  ia  front  of  the  foundation  but  be  turned 
aside. 

The  most  simple  course  would  be  to  give  to  the  lower  supporting  body 
a  rounded  form,  which  with  a  manu&ctured  construction  can  be  elSected 
without  any  appfedable  incresse  of  expense. 

As  least  measure  of  the  vertical  distance  firom  the  consnridated  base  of 
the  bank  to  the  low^t  water-line  0.8  m.  should  be  taken.  The  height 
above  thf  wator,  having  regard  to  what  we  have  juft  said,  may  be  limited 
to  (  I.')  ni ,  118  an  increase  of  height  can  easily  be  executed  later  on  accor- 
ding  to  requirement 

« 

.4)  Pmtion  of  eoiuoUdaUd  bankt  towarda  the  tower  banht  of  canaU, 

ExperiiiKnts  mad(;  witlj  .steamboats  have  proved  in  acoorrlance  with  the 
debates  at  thu  Paris  Congress  that  non-fortilied  slopes  in  direct  connection 
with  tbe  base  of  a  conaoUdated  hank  have  a  tendency  to  a  level  linnn,  that 
is  a  dope  of  about  1 :  5.  By  the  establishment  of  a  b^rme  below  the  waters 
line  the  section  of  the  canal  is  in  a  way  divided  in  two.  (See  the  dotted 
line  in  fig.  7,  Plate  L)  The  lower  section  must  be  sufficiently  wide  and 
deep  to  resist  the  influence  of  the  working  of  the  waves  produced  by  the 
screws  of  the  boats.  The  widene  1  iipper  section  causes  then  a  favourable 
weakening  of  the  working  of  tbe  waves  against  the  h&aka. 

5)  SumUen  of  ofAer  eKpmmmtB. 

Considering  the  uncertainty  which  still  remains  with  reparH  tn  the 
determination  of  the  question  as  to  how  much  and  lo  what  depth  the 
waves  caused  by  navigation  work  on  the  banks  of  canals,  further  experi- 
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mentfl  on  longer  distances  and  under  diffenmt  conditions  of  working  an 
absolutely  neoessary. 
For  the  better  examination  of  the  action  of  the  worlcing  of  the  waTCs 

at  different  depth  it  is  advisable  that  the  base  of  the  bank  be  established 
in  advance  at  at  least  1.0  m.  below  low  water,  and  to  change  the  hdf^t 
of  the  berine  below  the  water. 

By  spreading  coloured  mud  on  the  bank  ^n<l  estJihliHhing  diflferent  in- 
clines the  action  of  the  waves  can  be  niore  exactly  delined.  in  future 
researches  the  principal  point  will  certainly  be  to  establish  conditions 
analagous  to  those  which  will  prevul  at  the  working.  In  this  sense  it  will 
be  wdl  to  take  exact  acconnt  of  the  influence  of  the  wind  on  the  move* 
ment  of  the  waves. ' 

FINAL  OBSERVATIONS. 

1)  The  number  of  cromngs  of  Ifoats  and  the  timet  of  time  resxUUng  from 
these  crmmngsi  depend,  Ihr  ritent  of  (he  trnffic  being  given,  on  the  tonnage  of 
the  boats  and  thi  ir  poi^sihle  working  speed.  With  a  large  traffic  on  a  narrow 
section  canal  tl^ey  increase  in  such  a  nutnner  that  the  average  working  speed 
diminishes  rapidly. 

2)  Aeeording  to  (A«  data  menHoned  hare  in  Chegpter  I U  may  be  eoneidered 
at  proved  that  /br  prineipal  emale  wth  a  large  tra/ie  m  aeeordmee  with 
the  amdvdone  of  the  Vwnna  Ckmgrem  —  the  normal  tnmoeene  eeeUon  of 
tA«  ttcUo*  sAou^d  be  at  least  four  timee  as  large  at  the  largeH  immerted 

transverse  section  of  the  booL  The  iaerease  of  (hp  trnnwerse  section  of  wcUer 
to  ahant  five  times  (he  (rnmverse  Siection  of  (he  boat  will  likewise  effect  nn 
economiail  advantage  vnih  respect  to  the  capital  engciged  and  tothsdiminulion 
of  the  expenses  of  working  atui  of  maintenance 

3)  In  canals  of  rapid  toorking  it  is  tndispe^saJble  to  have  for  the  crossing 
of  boate  <Mtpie  width  m  the  plaae  of  the  d^th  of  the  greeUett  immerrioa. 
At  ihu  daptik  may  be  recommended  for  boate  of  900  tone  a  leaet  width  of 
double  the  greateet  wwttjk  of  the  boat  +  5.0  m,  and  to  inereate  thie  width 
by  0.5  m.  per  100  tons  additional  tonnage. 

4)  In  order  to  reduce  the  number  of  hindrances  to  navigation  bridges  over 
the  eanal  ahindd  hij  preference  he  hvilt  without  central  pile$.  Likevme,  the 
width  of  the  caiuil  under  (he  hridgrs  in  the  plane  of  tlie  greatest  depth  of 
immersion  of  bouLa  <fliotUd  be  at  laist  f^uol  to  the  width  of  the  canal  in  its 
free  part  at  the  same  depth  of  water, 

6)  /(  i$  derirable  that  the  examenaUon  of  the  queeiwn  of  reeittanee  to 
traeHon  on  canah  be  completed  Ay  determining  the  loeeee  of  tpeed  at  erommge 
for  diffBrenit  tranmeree  teOume  of  canal,  and  for  oariim  kindt  of  working. 

6)  The  least  measure  of  d^pth  of  water  under  loaded  boais  should  be  fixed 
according  to  the  greatest  tonnage  arul  according  to  the  kind  of  toorhing.  For 
(he  diff'erent  (onnnges  and  kinds  of  working  reference  may  be  made  to  the 
table  given  in  Chapter  II. 
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7)  3%c  diminution  of  the  number  and  the  extent  of  curves  in  the  forming 
of  mw  Jdrpe  eanob  fm  a  quictlt  toorking  is  of  the  greatat  imporianee.  At 
p«rmiMiM0  lUmit  of  a  curve  may  be  taken  a  minimum  radiuB  of  600  m^ree. 

8)  For  <Ae  proteelion  of  bemJte  of  the  eamU  agaimt  Ae  working  of  the 
toavee  may  be  recommenileil  the  establishment  of  a  herme  of  sufficient  width 
(^al  least  1.5  m.)  and  at  a  suitable  depth  (not  less  than  0.8  m.")  helnw  the 
linr  of  the  lowest  toater-level,  as  well  n.t  the  mngolidntinn  nf  the.  bank  ohore 
the  birmc  1)1/  natural  or  artificial  slant  matrriais  haviiuf  their  surfaces  as 
smooth  m  posnible  and  very  few  joints.  Tiie  anyie  of  the  incline  betwetn  the 
face  of  the  bank  and  the  heruantcU  line  ahotdd  be  between  90  and  40  degrees, 

Tnmlftted  by  O.  J.  Rowland. 
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AbitUind  d«r  Schiffe  in  der  Haltting 
in  derselben  Fabrtrichtun^  bci 
regeliiuliMig«m  VvUbetrieb. 


Itttnitiii  iei  fluclei. 


PLANCH  K  1. 
Fia.  1. 

Chaag«iQ«iit8  do  vitease  pendant  le 
trijst 

Fio.  8. 

Eeluee. 

Trthlenu  des  croiBunients  dMbftteMU 
dana  un  mt-me  bief. 

FlQ.  3. 

Canal. 

Changementa  de  vitMae  pendant 
1«  aroiaemeiii  de  deu  boteans. 

Fio.  4. 

Profil  d'aa  eanal  ajant  14  m,  da 
largenr  an  fend. 

Fio.  B. 

Profil  <5troit. 
Profil  large. 

Chang«mente  de  vitesse  pendant 
let  orouNunenti  dau  dea  profllB 
teoita  at  dea  profila  largaiu 

Fio.  fi. 

Bdpartitinn  do  trafia 
Tnifle  moyen  en  270  Joutb. 

Fio.  7. 

H.  E.  ibautes  eaux). 
B.  E.  ^baa»ea  „  ). 
ConaaUdatiofian  moy^n  de  plaquea. 

PLANCHI!  S. 

Flo.  1. 

Tablean  dm  vniMla  de  bief. 
Diiitanoe  dee  bateanx  ▼oyageant 

dans  nne  m^mc  direction,  dans 
un    bief  aveo   trafio  regulier 


teijiiw  if  (lis  Mtt. 


PLATE  1. 
Fio.  1. 

Variations  in  spetid  on  tlie  journey. 


Fio.  a. 

Doek. 

Table  shoNving  tbe  oroBauig  of 
boata  in  one  reach. 

¥10.  3. 

Canal. 

Tariations  In  qteed  dnring  Iba 
OMMBing  of  two  boats. 

Fio.  4. 

Seotion  of  a  eanal  14  m,  vide  at 
tbo  bottom. 

Fio.  5. 

Narrow  section. 

Wide  Reettor. 

Variations  in  speed  during  cros- 
■tnga  in  nanow  and  wide  aeo- 
tione. 

Fio,  6. 

INatribntion  of  traffic 
Average  trafBo  in  270  days. 

Fig.  7. 

H.  W.  (.high  water). 
L.  W.  <low       «  ). 
Cvmnlidatlon  of  flie  banke  by 
meane  of  atone  flaga. 

PLATE  2. 

Fio.  1. 

Table  of  reaeh  nnita. 

Distanoe  between  boats  iraTeUing 

in  tbe  sanio  ♦lireftinn  on  a  reach 
with  regular  ma.Timuiu  traffic. 
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Weites  IVotil. 
Engc»  Profi!. 

FQr  Tereubiedune  0(;!>cUwindig- 
keiten  und  8ohleii8iiiigw«iton  im 
engen  und  erweiterten  ProAl. 

Dwier  der  Doppelubl«iMaiig. 

VerkcbragruiMHS  in  Hillioaen  Ton- 
mh  iMSOgen  auf  wNohaende 
BohleofnngueitoB. 

IfMMUb. 

PiO.  t, 

Wsitoa  Profil. 
EngM  PrafiK 

ISIdlifflweg  in  dor  Sekunde  ini  (^n^l>n 
ond  orweitcrU»n  Profil  fQr  wiioh' 
itende  SohWiwungsxeiten. 

DviMr  der  DoppelMhleiiwing. 

EnpttnisB  «n  Wdg  in  der  Sekundc 
durch  Erweitenmg  de«  ProAU. 

Hasttstftb. 


BLATi  3. 

Daratollung  dfi  jrilirlickon  llrtipar- 
niitae  an  den  KetriubtikoeUjii  der 
SahiSralirt  ffir  das  Kn«Bater 
Kaaalliaga  duroh  Erweiterung 

(li  s  I'rofiln. 
jaiirlii'lie   YorkehniprdMie  in 
Tunncu. 

Bfline  BetriebalcMten  in«l.  Venin- 

Kr-iparniHs  nn  Weg. 
MaaKo*tjil»  tiir  dio  Krapariii-sHf-. 
MauHMUb  tiir  dio  Tonn^nzuhl. 
Enpaniiw  fQr  ...  . 

BLATT  4. 

7ali1  rJt  r  SchifTc. 

Zunahnie  der  Zahl  von  Scliitrcn  dm* 
dcutscbun  UhGin6uUc  mit  cincr 
TragfMiigkeit  von  liber  500  Ton* 
n(>n,  geordnot  nach  don  Jahren 
der  Krbttutin.,'  ffir  niiipjifn  mit 
varaobiediinur  TrAgtiibigk«*it. 

V$gh  flinttB  Anniige  aas  dam 
BhaiBMhiin^Ragister  VII,  A««- 
gabe  1890.  und  d«>n  12  Nack- 
triifien  Tom  Jnhrv 


Profil  Urge. 
Profil  etroit. 

Pom-  diffdrenteti  vitesHes  at  dureuii 
d'Mnnga  dani  deaprafilB4troifo 
et  ^largii^ 

Onr^  dn  doubla  {olitaagv. 

Trafio  «n  millions  de  tonnes  oal- 
onU  pour  d««  dnrtes  eroiManteB 
d*6oliitage. 

Eohelle. 

Fio,  9. 

Prafil  large. 
Profil  Unit 

Parcours  du  batonu  par  Hfcondw 
danii  dps  prnfiN  I'troits  i-r  I'lur- 
ginf  pour  dfs  duree*  oroifiHantes 
d'^oloaage. 

Dur4e  dn  doubla  ^Ituage. 

Eronomie  de  parouure  par  •.••roTuli' 
realiiioo  par  l'^largi8«einent  du 
profil. 

Eokella. 

PLA.NCUE  a. 

TfiMc-nu  doh  '-onnomic!*  r^aliseos, 
par  an  vt  par  kilonii.-tre,  «ur  K»s 
fraiii  d'exploitation  do  1a  navi- 
gation, par  rilargioMment  dn 
profll. 

Trafie  annuel  en  tonnes. 

Frais  iTexplaitatioii  aToo  Int^r^to. 

K<!uiioniiu  de  parcours. 
E<'h«'llc  des  (•oononiies. 
Echellu  du  tonnage. 
Eoonomie  pour  .... 

PLANCHE  4. 

>'onihr<>  des  bateaux. 

Tableau  de  rangnientatioii  des 
bateaux  alleniandu  sur  lo  Ebin, 
okargeant  plu«  de  600  tonnes, 
elamt^  par  ordre  de  la  dato  de 
la  cnn^fi-iK^tinti,  pour  des  groupos 
de  dilfercnt  tunuage. 

I>*apr^  le  «Bkeinsalda)i-Regi!«ter'\ 
VII,  Edition  de  18<K»,  et  les 
12  suppt^mento  de  1891. 


Widr  sf'ption. 
Narrow  tM.H<>tion. 

For  different  i»peed»  and  length  of 
time  qtent  in  looks  in  wide  and 
narrow  sections. 

Length  of  time  spent  in  double 
lodka. 

Traffio  in  millions  of  tons  calon- 
lated  fsr  tiie  Inoreidng  lengib 
of  time  spent  in  Qw  looks. 

Scale. 

Fio.  2. 

Wide  seotion. 
Karrow  seotion. 

DJ^^tanco  truvcllril  per  wjoond  by 
the  Iwat  in  uiirrtiw  and  wide 
sections  for  tbe  increasing  length 
of  time  spent  in  the  iocdcs. 

Length  of  time  in  doubte  looks. 

j^iivine^  of  (listnncp  prr  <»f^ond 
oonaequont  upon  the  increased 
widtii  of  the  section. 

Seale. 

PLATK  3. 

Tubh  showing  the  saving  realised 
per  annum  per  kilometre  in  tbe 
working  expenses  of  naTigatioa 
by  the  inoreasod  width  of  tbe 
seotion. 

Annual  traflio  in  tons. 

Working  expenses  with  interest. 

Saving  in  distanrc 

Scale  !»how{ntr  saving*  realised. 

Scale  of  tunuage. 

Saving  for  ...  . 

PLATE  4. 

Number  of  boatn. 

Table  i«howing  the  inereaw?  in 
German  boatis  on  the  Rhine,  of 
more  than  flOO  tons  burden,  olss> 
sod  in  order  of  date  of  building, 
for  groupn  of  *liff<»rnnt  tonna|;c. 

According  tu  the  ^libeiiuchiflit- 
Kegi»ter"  VII,  edition  of 
1890  and  the  is  supplements  of 
1891. 
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Von  der  Zujuunmeiut«llung  sitid 
ausgooohloMen  diejenigcn  SohifTe, 
deroD  £rt>BUung^«br  nioht  be- 
Itaiurt  iit,  in  Q«iimb  82  Behiff». 
ZimnmenHtellang. 

T  TragfUiigkeiti.O.  93 
I  *00  ^  ,  .  .  73 

105 
4« 


:r\  800 

ill 

jlliooo 


ft  » 


Jdir  d«r  ErlwiraDg. 


81 


MB 


BLATT  5. 

Anwhl  dor  8cbi(1«. 

Tra!;flihi<,'keit  dor  Sohiffe. 

Znaiuuuibn^tellung  der  Auzahl  unit 
Tragf&bigkmt  der  in  dem  Rhdn- 
iahilB-B«gMter  von  Jabre  1390 
unH  Hi-n  14  Nui'lUrri;;(  ii  M.'Irz 
185*2  aufgetQhrtea  Scbiffe  der 
Bheinflotte. 


No  «K)nt  pa«  comprit»  daim  eetrt> 
Enumeration  les  bateaux  dont 
I'aunde  de  construction  n'est  pa«» 
MHuuie,  Mit  SS  Iwtotux. 

Enumeration. 
.    600  tonuM  93 

=  '1  700    73 

''ll  HOO     ,  105 

900    46 

|f|lOOO     n     «t  plus.   .   ,  81 

"1  Tolnl  .  .  .398 

Ann^  de  ooiatnictifni. 

PLANCHE  5. 


Kombr«  deg  bnteaax. 

Tonfia^f  d»"*  hatwaux. 
Knumeration  du  nombre«tdu  ton- 
nage dee  iMteattx  nnfigvant  eur 

le  Rhiu  et    indiquen   dan;*  le 
„Kbein9chiff-n,    1'  r"  ]X90 
et  dans  Ion  i  4  suptilement^  parua 
jusqu'aa  mare  1892. 
Edielle. 


Tilt-  fionts  whosr  date  of  building 
is  not  known  arp  not  included 
in  this  list,  in  all  some  22  boats. 

List. 

1^  ^  r.00  tons   9S 

t^i  700    78 

""f )  800  „   

f  I  'rfOO   „    46 

lljiOOO  „     ♦  and  oT»r  .  81 

^  '  Tetal  .  .  .  S98 

Year  of  building. 

PLATE  5. 

Boats. 

Number  of  boats. 

T«»nnage  of  boats. 

List  of  number  and  tonnage  of 
boats  navigating  on  the  Rhine 
and  noted  in  the  ^Rheinscbiit's- 
UegisttT  of  ISW)  and  in  tli.'  14 
supplements  brought  out  up  to 
Xnroh  1898. 

Sente. 
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Sleendr,  v\h,  Amand, 
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Vt^  International  Inland  Navigation  Congress. 

THE  HAGUE  1894. 


Construction  of  navigation  canals  affording 
operation  at  Mgh  speed. 

BT 

H.  DBBOHB. 

tiH<ol<inr  Ml  tib»t  dw  pontt  •!  fthniMiw  k  OonpUgiub 


We  propose  to  consider  in  the  present  report  the  arrangements,  which 
oonld  be  most  osefiilly  applied  on  inland  navigation  canals,  with  the 
view  of  allowing  boats  fxeqventing  them  to  aooeletate  so  much  as  poe- 
able  their  speed. 

This  qncstion  compnaes  sevetal  points,  which  we  will  examine  suc- 
cessively. 

I.  FORM  AND  DIMENSIONS  OF  THE  NORMAL  SECTION  OF  CANALS. 

The  <^<»al  progranune  pats  in  the  first  place  the  following  question: 

^.determine  the  flowing  section  of  a  canal  which  will  allow  a  boat  of  a 
given  immerged  section  to  realise  a  desired  speed  with  the  least  effort 

of  traction." 

This  gives  rise  to  an  important  observation.  A  l)oat  tugged  on  a  shiM-t 
of  water,  which  is  on  all  sides  undefined  at  a  uniform  rate  of  speed  has 
to  contend  with  a  certain  resistance  of  the  water.  On  a  canal  of  small 
section  the  resistance  to  be  overcome  in  ordw  to  attain  the  same  speed 
will  be  considerably  grsater. 

This  resistance  diminishes  progresuvely  when  the  section  of  the  canal 
inorossoD  continuously,  and  tends  towards  a  certain  limit^  which*  evidently, 
corresponds  to  the  resistance  suffered  by^  the  boat  on  an  undefined  sheet 
of  water. 

The  problem  is  thus  rpduc<>d  Uy  the  dt'tennination  for  u  boat  of  a  given 
immerged  section  and  a  given  spetni,  of  a  wet  protiie  which  may  be  prac- 
tically assimilated  to  an  undefined  sheet  of  water.  But,  leaving  out  of 
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aooonnt  certain  exceptional  cases,  snch  a  profile  conld  only  be  realifledat 
very  gxeat  expense,  so  that  the  solution  of  the  problem  would  have  an 
interest  purely  theoretical. 

Therefore,  it  would  he,  in  our  opinion,  preferable  to  cndcavonr  to  find 
,a  profile  correspondiug.  not  to  the  least  effort  of  traction,  but  to  a  given 
effort  of  traction. 

The  two  problems  thus  posed  can,  however,  only  be  solved  by  means 
of  „flie  rdalionfl  which  «i»t  betwe^  speed,  e£f(»l  (^txaetion  and  Immefged 
section  of  the  boat,  on  the  one  part,  and  the  surface  and  form  of  the 
wet  section  of  canals  on  the  other". 

The  V*^  Coi^re«i8  expressed  the  wish  that  experiments  should  be  made 
in  difi^nt  countries  with  the  view  of  determining  these  relatiims. 

As  rp«rards  Franco  M^  de  Mas  has  complied  with  this  expresped  wish 

by  eontimiiiif:;;  the  ret^earcheB  on  the  snhjpct  be«?nn  by  him  in  1890. 

Tlu-<i'  ri'scarc'hes  have  not  touched  uimn  a  nvimluT  t>f  iioint'^,  which 
have  still  to  be  elucidated.  NeverthelesB,  the  results  obtained  point  to 
Tety  important  conclusions,  which  we  most  take  into  oonsideration. 

EXPERIMENTS  OF  M'.  DE  MAS. 

Resistance  of  boats  to  traction  on  an  indsflned  sheet  ef  water. 

For  the  purpose  of  his  researches  M'.  de  Mah  ha?  confined  and  established 
very  ingenious  apparatix,  which  indicate  at  any  int*tant  with  all  desirable 
accuracy  the  propt>rtiouate  speed  of  the  boats  in  relation  to  the  water, 
as  well  as  the  effort  of  traction  oorresponding  to  this  speed. 

He  first  operated  on  the  Seine,  above  the  weir  of  Pott-ft-P Anglais,  in  a 
section  where  the  course  of  the  river  runs  in  an  almost  straight  line  and 
has  a  witdh  of  185  meters,  an  average  depth  of  nearly  4  meters  and  a 
wet  section  of  at  least  52-'>  square  meters. 

The  fli mentions  of  this  profile  may  as  regards  the  b<iats  tried  be 
eonr^iiltn  d  as  undt  tiia'd,  for  these  boats  have  as  a  rule  not  more  than  5 
uifctvrs  ul  width  with  l.HD  m.  of  depth. 

The  experiments  were  made  with  diilereut  boats  selected  from  the 
types  mostly  in  use  on  the  Frendi  canals,  viz.  Flemish  p6niehes,  tones 
of  the  Sa6ne,  flOttes  and  maigotats  of  the  Upper  Seine,  Frassian  boats  etc. 

In  accordance  with  the  researches  in  the  last  century  (1),  it  is  generally 
admitted  that  the  resistance  of  these  boats  tugged  at  a  moderate  speed 
on  an  undefined  sheet  of  water  is  suitably  represented  by  the  formula 

R  =  KBV* 

in  whieh  B  the  immerged  secton  amidships,  F  -tiie  speed  and  K  a 
constant  coefficient  for  a  boat  of  detamin^  farm. 


n>  In  FrniKc  by  BofisuT,  d'Alshbbrt,  Comdoscst  snd  Dubvat;  in  EngUuul  by 

Colonel  Beaifoy. 
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The  experiments  of  M^.  de  Mas  liave  shown  that  the  various  elements, 
on  which  resistance  to  traction  depends  are  not  connected  hetwcen  thein- 
sdvee  by  this  proportioa  or  by  any  other  of  the  same  form.  In  ord«' 
to  prove  thie  it  is  only  neceeeaiy  to  deduce  from  the  resalts  of  the 
foUoiriog  &cts. 

1".  For  a  boat  worked  at  given  speed,  the  resistance  to  traction  m  not  pro- 
jforlionate.to  iJi*  immeiyed  ueUm  B. 

This  &et  is  ahown  by  the  IbUowing  tables,  which  apply  to  a  flflte  of 
the  Upper  Seine  tried  at  the  successive  depths  of  1.00  m.,  1.80  m.  and 
1.60  m.  (1). 


(a).  Dimensiois  of  tha  iHiiergid  part  ef  ths  boat 


DBpth. 

Laogth. 

As'eragc 
width 
■hijidiliipB 

I. 

IiDinier|(ed  seettoB 
aaudships. 

t. 

L. 

absolute 
B  =  It 

relative. 

1.00  ». 

i.ao  , 

1.0D  , 

91M  m. 
87.74  « 
87.99  „ 

6.03  m. 
6.02  . 
6.08  , 

5.03  mq. 
6.53  , 
8.03  » 

1.00 
1.80 
1.60 

(t>).  Resistance  of  the  boat  traction. 


Speed  1 
per 
seoeitd. 

Abeolvte  ra 

ditueee  et  a  depth  of 

Relative  re 

HMaaoei  at  a  depth  of 

1.00  m. 

IJOm. 

1.60  m. 

1.00  m. 

IJO  u. 

1.60  m. 

0.90  m. 

39  kil. 

44  kil. 

54  kil. 

1.00 

1.13 

1.38 

1.00  « 

129  „ 

143  „ 

162  „ 

1.00 

111 

1.50  „ 

'2m  „ 

315  „ 

:m  „ 

im 

1.13 

1.27 

2.00  „ 

f>02  „ 

579  „ 

mi  „ 

1.00 

1.15 

1.32 

2  .  50  „ 

805  „ 

953  „ 

1119  „ 

UX) 

MS 

1.39 

These  tables  show  that  for  one  same  speed  the  resistance  increases  lei» 
quickly  than  the  immerged  sectioTi  B. 


29.  For  a  boat  immergeii  to  a  qhu  n  qvantity  the  reiiatance  to  traction  is  not 
proportionate  to  the  square  oj  the  speed. 

This  result  may  bu  deduced  from  the  ligures  shown  in  the  table  (b); 
it  appears,  however,  preferable  that  it  should  be  determined  by  means  of 
experiments  made  on  boats  of  different  types,  the  dements  of  which  are 
grouped  in  the  fotlowiug  tables  (2). 

(1)  These  tables  are  extracts  from  «Reehercbes  espdrimeittales  sar  la  BaieUerien  eeoond 
number,  |Mges  40  and  41. 

i^l)  Thaee  elemooto  are  extnuM  from  the  mtrka  of  Mr.  dk  Mas,  Ant  namber.  page 
86  and  looond  namber  page*  06*  and  66*. 
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(c)  OIhmsIom  tf  the  inatrQdd  part  af  Nttt. 


Laiigtli. 
L. 

Averape 
width 
amidships. 

I. 

Total 
Displace- 
ment. 

S. 

Immergfld 

section 
amidships. 

B. 

Flemish  p«niche      .    .  . 

38.19  m. 

5.00  m. 

1.81  ni. 

ai2  T. 

Tone  of  th«  Sauoe  .  .  . 

5.02  „ 

1.36  „ 

240  „ 

6.83  ^ 

FlAto  of  the  Upper^Sdne . 

37.44  , 

6.02  „ 

1.47  „ 

aeo  , 

7.38  , 

34.10  « 

4.M  „ 

1.30  , 

808  « 

„ 

01).   Resistance  of  beats  to  traction. 


Speeder 

Tew. 

Ulte. 

Prnssiao 
boat. 

OJiO 

1151(0. 

35  kfl. 

73  kil. 

88  kiL 

uao 

m  n 

100  , 

1«  n 

80  . 

1.60 

772  „ 

385  « 

360  „ 

185  „ 

8^ 

1462  , 

475  „ 

f.-r.  „ 

349  . 

2.60 

n  n 

795  , 

1110  . 

582  , 

If  we  take  aa  unit  the  resistance  to  traction  oonesponding  to  the  speed 
of  1  metor  per  aeoond  the  preceding  table  is  tmnsformed  as  follows : 


SjH'ed  per 
second. 

Relative 

re  »;istanceB. 

Peniche. 

Tone. 

FlQte. 

Prnssian  boat. 

0.50 

0.34 

035 

038 

0.28 

1.00 

1.00 

1.00 

1.00 

1.00 

1^ 

2.27 

2.35 

1.82 

2.31 

8jOO 

4J0 

4.76 

8.41 

4.33 

8.60 

4J0 

7.95 

5.61 

7.38 

It  results  from  this  last  table  that  with  the  exception  of  the  FlOte,  the 
rceist^mcp  increases  more  quickly  than  the  square  of  the  speed  and  that 
th(B  deviaUon  varies: 

For  •  speed  of  0.fiO  lu.  per  MJtiond  tiom  Vi  tu  U)  o/^ 

...      .   XOO  •«        *  « 

...      .   3JS0  •  .Kt.TT* 

of  remUuiee  to  tneHon  it  not  independeiU  of  (he  tpeed. 
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This  proportion  vuioB  aooording  io  the  figureB  ahown  in  the  table 
(c)  and  (<i)  m  follows : 


8peed 
per  Second. 

R 

ValoM  of  the  proportion 

P^nieliai. 

Toae. 

1  FlQto. 

Fraamn  boat. 

50.8 

20.5 

41,2 

13.8 

1.00 

37.6 

14.6 

26.8 

12.5 

1^ 

37.9 

15.3 

21.7 

12.9 

3.00 

40.4 

17.4 

22.9 

13.7 

40.4 

1&6 

24.1 

i4.e 

R 

Elxamination  of  this  table  shows  t  hat  the  proportion  jf-yr  P^^^^s  through 

a  minimum  for  the  speeds  from  l.tX)  to  1.50  m.  and  that  it  is  cx)usi- 
derably  larger  for  the  speed  of  0.^  m.,  than  for  those  of  2  m.  and  above. 

4*.  For  a  gwm  tpad  and  a  gwen  degtA  (fte  rmttemce  of  a  boat  to  <r(u»- 

tton  varies  comiderabhj  accordingly  cur  the  wet  surface  is  more  or  less  smooth. 

This  fact  is  shown  by  experiments  made  on  the  fldte  referred  to  iti 
table  (a);  the  resistance  at  different  speeds,  at  a  depth  of  l.fiO  m.  has 
been  repeatedly  measured,  the  wetted  surface  having  been  previously 
treated  in  the  following  ways: 

a)  carefully  rubbed  with  sand  until  the  wood  was  brought  back  into 
its  nataral  state; 

6)  covered  with  oilcloth  to  a  height  of  1.26  dl  above  the  water-line; 
c)  entirely  eovMed  with  oil  cloth. 

The  lesistancee  meaenTed  under  these  conditions  were  the  followiag  (1): 


Kesistances  to  traction. 


Differences  between 


Speeds. 

TVfHoJ  sorfucv 

Wettod  surfm-e 

resistances  (<i)  an  ^  ' 

taroQgbt  to 
nklonl  ktite. 

•) 

coven'd  with  oil 
cluih  tu  a  holi^lit 
of  US  m. 

ft) 

ntUraljr  ooTered 
wltb  oH  olotb. 

aboolote. 

ralatiTO. 

0.50 

54 

46 

28 

26 

0.48 

1.00 

162 

142 

105 

67 

o.a5 

1.50 

355 

308 

250 

105 

0.30 

2.00 

664 

558 

480 

184 

OM 

2.50 

1119 

906 

618 

ao7 

0.27 

ii )  The  figures  shown  in  the  taUe  are  takan  bom  the  work  of  Nr.  M  1Ia%  Mornid 
tinmtor  pages  45  and  48. 
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The  above  table  shows  that  the  flubstitation  of  a  perfectly  smooth 
surface  (oilcloth)  for  the  tough  surfiioe  of  the  hull  (with  tiie  wood  brought 

into  lis  natural  ii^tatc)  is  sufficient  to  reduce  the  resistance  to  traction  in 
a  variable  proportion  of  27  to  48  ^/q. 

5".  For  bouls  of  tlie  mme  Jhnn  and  othei  wi/ie  of  equal  condition,  Ihe  rasis- 
tetnce  to  traction  i»  entireljf  independent  of  the  Ungth  of  the  boat. 

This  foot  has  been  established  by  measuring  the  resistance  at  a  depth 
of  1.60  m.  of  three  flates,  of  which  the  forms  at  the  fore  and  the  aft 
parte  were  as  nearly  identical  as  possible,  and  of  which  the  depth 
amidships  was  nnitbrinly  5.02  ni.,  but  which  showed  at  the  water-line 
the  respective  lengths  of  37.99  ni.,  30.03  m.  and  20.56  m. 

This  experiment  gave  the  following  results  (1): 

# 


\l 

lance  for  the  tblloirmg  speeds. 

0.50 

100 

1.50 

- 

2.00 

> 

2.50 

Boat  ;17  '.I'.t  III.  in  length. 

.^)4kil. 

162ki! 

;j.'.:>kii. 

•;t;i  kii. 

ni9kil 

„    30.tW  f,    „  „ 

51 

ItiO 

3r»5 

„    20.55  „  „ 

51 

855 

665 

1120 

The  figures  corresponding  to  one  same  speed  a^nre  together  in  a  sin- 
gular  manner.  They  establish  nn  important  f;u  t,  whirh  seems  to  be  in 
contradiction  with  the  sntlicicnily  conlirmed  inllueiice  of  the  wetted 
surface  of  boats  on  their  rctiiisUince  to  traction. 

This  contradiction  is  of  course  only  apparent;  the  fact  in  question 
must  be  .considered  as  the  result  of  complex  actions,  of  which  the  laws 
have  still  to  be  discovered. 

Nearly  connected  with  the  preceding  facts,  this  last  does  not  leave  any 
doubt  as  regards  the  considerable  difhcultiee,  which  have  still  to  be 
overcome  for  the  complete  solution  of  the  problem  of  the  resistance  of 
boats  tugged  on  an  undefined  sheet  of  water. 

Resistance  of  «  boat  to  traction  on  a  canai. 

In  the  cocond  in>*tanoe  M'  dk  M.\s  has  studied  the  rcr?i<»t4\nc(>  of  boats 
on  a  cuual  and  lias  selected  for  the  field  of  his  experiments  a  reach  of 
the  Burgundy  canal,  which  has  on  a  length  ot  1600  meters  a  straight 
section  and  a  remarkably  regular  profile.  The  wetted  surface  of  this 

(1)  Those  results  are  extracts  from  the  worit  of  Hr.  DS  Mis,  seuond  number  page  49. 
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{urofile  varies  from  29.13  mq.  to  29.78  tnq.  with  an  averaie  of  29.53  niq. 

He  baa  tried  on  this  reach  the  different  typee  <tf  boats  with  which  he 
had  experimented  on  the  Seine  at  speeds  increasing  from  (X2S  m.  and 
by  degrees  of  0.25  m.,  but  ^>nly  up  to  1.25  m.,  and  has  found  that,  nil 
other  factors  being  ccjual,  the  redstance  to  traction  is  imlq^endenl  of  the 
length  nf  the  hoafji ;  at  least,  in  the  limits  and  under  the  CondiUons  in 
which  the  experiinrnts  have  been  made. 

On  the  other  haiul  Mr.  l>k  Mas  has  t»htuined  the  following  results  (1) 
for  boats  of  the  iypuA  named  io  tables  (c)  and  (d). 


(e)  Diiaeasions  of  the  inmerged  part  of  boats. 


Lengtltt  at  a  depth 
.of 

Widths 
•mid- 
ffhips. 

Total  displaiTUieut 

at  a  depth  of 

I'riHi4)it|i<ii  of  tliK  wi-t 

of  brat  mt  ft  depth  «f 

1.00 

i.ao 

1.60 

1.00 

1.30 

l.«K) 

1.00 

1.30 

1.60 

38.17  X. 

38.S5H. 

88.85  M. 

ft.08M 

247  T. 

304  T. 

5.87 

4.51 

3.67 

87.4a  „ 

87.68  , 

87.02  , 

8.05  , 

211 

297  „ 

.'i.88 

4.52 

3.68 

FlAt«  of  the  Uppar  Seine  . 

38.U  „ 

38  34  „ 

88.39  „ 

5  02  „ 

m  „ 

242  „ 

2S»7  „ 

5.SS 

4.52 

3.68 

88.70  K 

84.10  n 

n 

4.91  r> 

161  , 

203  , 

n 

6.01 

4.62 

n 

(/*)  Resistances  of  boats  to  traotion. 


Spssds 
ftf  ssfioad. 

Depth  of  1.00  m. 

Depth  c 

if  1.S0 

in. 

I>epth  of  1.60  m. 

niohe. 

Tott«. 

Fi&te. 

Frnieian 
boat. 

1  oiche- 

Toue. 

Priueian 
boat. 

Pi- 
niche. 

Tone.  1 

Fiate. 

22 

16 

16 

13 

83 

22 

23 

17 

43 

32 

38 

73 

46 

SO 

88 

114 

68 

76 

54 

172 

109 

117 

a76 

168 

100 

112 

81 

S56 

150 

173 

119 

415 

249 

271 

896 

178 

203 

145 

469 

272 

820 

215 

860 

463 

506 

1J5 

510 

800 

850 

249 

807 

469 

561 

370 

1687 

811 

892 

These  results  allow  the  possibility  of  controlling  the  formulae  adopted 
for  tike  determination  of  the  resistance  of  boats  to  traction  on  a  canal 


(1)  The  flggna  shown  in  tablee  (e)  and  (/)  are  taken  from  tlie  thu4  number  of  the 
worfc  of  Mr.  na  Mas. 
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Among  thefle  foimulae,  the  following  are  mostly  employed. 


1 


n+  2 


and  Jt^JTSFt  (^^)« 


in  which  n  dedgnates  the  proportion  of  the  wet  section  C  of  the  pn^e 


The  first  formula  was  established  by  Dnu  Ar  in  the  last  century  and 
piinoe  applied  by  d'AuBUissoN  to  the  calculation  of  the  reeiBtance  of  boate 
on  the  Midi  Canal. 

The  second  is  deduced  from  the  formula  R  =  K  B  with  reference 
to  an  indefinite  space,  substituting  for  the  absolute  speed  of  Uie  boat,  ita 
relative  ipeed  in  proportion  to  the  water  displaced  under  the  hypo* 
thesis  that  it  would  pass  from  the  fore  to  the  aft  part  of  the  boat  with  a 
uniform  speed  by  the  narrowed  section  C— B.  (1) 

Thus,  the  figures  of  tables  («)  and  {f)  show  for  traction  on  canals 
facts  analogous  to  those  relating  to  tugging  on  an  indefinite  sheet 
of  water. 

1°.  For  a  boat  moveil  at  a  given  speed  the  resistance  to  traction  is  not 

B  n* 
proportumote  eUher  to       ^  or  to 

2^.  For  a  boat  imm^ryed  to  o  ^p»m  (gaemiiiXy  w  a  canal  of  a  eoMUmt  wel 
MCtion,  ih»  rsdstance  to  traeUon  is  not  in  ptf^^orUon  to  (he  iguan  of  the 
speed. 

3f*,  For  n  gwen  boat  the  proportion  -^g-y*  £  K»n»  ^ ***** 

or  the  other  indqyendent  of  the  speed. 

Therefore,  the  two  above  formulae  can  only  give  wrong  results. 

The  figures  given  in  the  tables  (e)  and  (/)  also  show  to  be  unreliable 
a  third  formula  proposed  by  an  American  engineer  Mr.  Swbbt^  founded 
on  experiments  made  in  1878  in  the  Eric  c^nal  by  means  of  a  boat 
21).o0  m.  in  length  and  5.37  m,  in  width,  with  a  total  displacnnent  of 
271  cubic  meters  at  a  depth  of  1.S8  m.  (2). 

This  boat  was  firstly  tuggL<l  in  a  rea(rh  with  2.135  m.  of  depth  at 
speeds  of  0.a(i7  m.,  0.825  m.  and  0..S72  m.  per  second;  sc<()nd]y,  in  a 
reach  with  2.45  m.  of  depth  at  speeds  of  0.701  m.  and  of  0.982  m.  The 
proportion  n  was  equal  to  4.28 -in  the  first  case  and  to  5.00  in  the  second. 


(1)  This  r«faitive  speed  mrald     in  tUk  V'^t^s  K+ 

(S)  Report  of  Pj-obseor  SoflUcaTiMO  to  the  Vleiuift  Gongrcw,  1886. 


of  the  canal  to  the  iinmerged  section  of  the  boat  In  — 
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Mr.  Swan  has  found  that  the  rasbtances  obaerved  under  these  oondi- 
tions  agree  peroeptibiy  with  the  figures  given  by  the  formula 

n— 0.697 

in  which    is  the  wet  surface  of  the  boat  (1). 
The  application  of  this  formula  to  the  iKnts  forming  the  object  of 

tables  (t)  and  (/)  gives  entirely  tUflercnt  results  to  those  obtiiined  by 
Mr.  Mas,  as  is  dearly  shown  . by  the  following  table,  which  is  for  a 
depth  of  1.6U  m. 


spMa* 

per  Mcond. 

Tone. 

RMisteDces 
observed. 

RenitaitceB 
cftlcQlated. 

Reuitancec 
olmrred. 

BwiBtaiices 
calcuteted. 

BeabtancM 

observed. 

calculated. 

0.25 

43  k. 

36  k. 

32  k. 

36  k. 

33  k. 

36  k. 

OM 

172 

146 

109 

U5 

117 

144 

0.75 

415 

388 

349 

827 

271 

828 

1.00 

860 

583 

468 

688 

506 

575 

l.Sft 

1687 

9tl 

811 

909 

892      \  898 

This  observation  shows  to  what  mistakes  we  become  liable  by  gene- 
ralising the  npe  nf  formulae,  which  have  lieen  pptal)li?hed  on  the  results 
of  insnfficicnt  exporimentfli,  or  roptrirted  within  t^o  narrow  limitp. 

It  would,  also,  be  prciuaturc,  as  y>  t,  to  endeavour  to  draw  conclusions 
from  the  researches  of  Mr.  dk  Mas  cm  canals,  as  to  the  relations  between 
the  resistanoe  of  hoats  and  the  various  elements,  which  influence  this 
resistance. 

Up  to  the  present  these  experiments  have  only  been  applied  to  the 
faction  of  boats  at  different  depths  in  a  canal  of  a  detennined  section. 
Mr.  DR  Mas  is  now  completing  them  li\  the  study  of  the  lesistance  of 
similar  lioatB  immcrjred  to  a  given  quantity  in  canals  of  various  sections. 

When  this  study  is  terminated,  the  total  rt-ultf*  obtained  mnee  1890 
will  have  to  be  collected  and  ]>ra('tical  formulae  eouipilwl.  Only  then, 
will  it  be  possible  to  attempt  with  any  prospect  of  success  the  solution 
of  the  double  problem  laid  down  at  the  commencement  of  this  report. 

Under  these  circumstances  we  will  'confine  ourselves  to  pointing  out 
briefly  the  improvements  which  it  is  in  our  opinion  desirable  to  apply 
to  the  arrangements  and  mode  of  working  of  existing  French  canals  with 
a  view  to  the  acceleration  of  transports. 


(1)  Aeoonling  to  ProAnor  ScnucHTme  tlje  deviation  between  the  reeiatances  obeerved 

varies  from  2.5  to  7  pCt. 

The  wet  aarfiu%  <S  comprises  the  entire  tircnmfei'ence  ct  Ibe  boat  below  the  water-Une, 
iadading  the  fore  ajid  after  parts. 

1* 
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IMPIMIVEMEIITS  TO  BE  EFFECTED  IN  THE  ARRAMCEMENTS  AND 
MANNER  OF  WORKING  OF  CANALS. 

We  viU  indicate  succeflnvely  the  impiovemeats  desirable  with  regard  to: 
The  way  and  the  artificial  works. 

The  plant  in  the  harbours. 

The  traotion  of  boats  and  the  plant  for  inland  navigation. 

Improvement  ef  tlie  way  aid  the  irtNlelal  works. 

Tbo  I>(  iirh  cuinais  which  depend  on  tlie  ]>rinoi]»ftl  navigation  ways 
have  <i8  iiiiuiniuni  in  the  flowiug  8ectioni:i  a  bottom  width  of  10  meters 
and  a  draft  of  water  of  2  meters  with  banks  generally  inclined  at  3  of 
base  for  2  of  height  and  a  wet  section  C  »  26  sqnare  meters. 

This  is  among  others  the  present  profile  oS  the  canal  horn  the  Mame 
to  the  Rhine. 

Thcfie  canals  are  navigated  by  boats  of  5  meters  in  width  and  1.80  nu 

of  depth,  of  which  the  immeffged  section  J3  »  9  square  meters.  The 

(J 

proportion  n  ^^ia  tfans  equal  to  2.89. 

Many  of  these  canals,  among  others  the  one  from  the  Oise  to  the 
Aisne  have  with  a  bottom  width  of  10  metos,  a  draft  of  watw  of 
2.20  m.,  which  gives  C  =  29.26  8q.m.  and  n  »  8.2S. 

Others,  as  the  Escaut  canal  has  a  bottom  width  of  11  meters  with  a 

depth  of  2  20  m.,  by  which  C  becomes  31.46  sq.m.  and  n  3.60. 

Finally,  there  are  other?,  as  the  St.  Quentin  canal  measurinir  12  metms 
at  bottom  with  a  depth  of  J.io  m.  Their  wet  section  reaches  33.66  sq.m. 
and  the  proportion  n  amounts  to  3.74. 

It  is  shown  in  practice  that  with  an  equal  speed  the  towing  of 
Flemish  p^niches  at  a  depth  of  1.80  ni.  (1)  is  very  fatigueing  for  horses 
on  the  canal  from  the  Mame  to  the  Rhine,  less  so  on  the  canal  from 
the  Oise  to  the  Aisne,  rather  easy  on  the  Escaut  canal  and  oompa> 
ratively  easy  in  the  St.  Quentin  canal. 

Hie  successive  increase  in  the  wet  section  C  and  ct  the  proportion 
C         ,  . 

n  s     thus  give  rise  at  etpial  speed  to  considerable  rednctions  in  the 

rcfiftance  of  the  i)^niche8  to  traction. 

These  reductions,  it  is  true,  are  not  of  sufticient  importance  to  exercise 
any  perceptible  influence  on  the  speed  of  the  boats,  as  is  shown  by  the 
figures  in  the  table  (/);  they  contribute,  however,  very  much  to  the 
acceleration  of  transports;  for  the  horses  being  less  fotigued  do  not 
slacken  tbdr  pace  and  make  longer  journeys. 

Therefore,  a  considerable  advantage  would  be  obtained,  by  applying 

(1)  BMtR  «f  this  type  figure  in  the  proportion  of  80  to  90  pCt.  in  tiie  general  aocount 
of  the  craft  frequenting  the  canali  of  tlie  northern  and  oaKteni  dietrieto  of  Franoe. 
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to  other  oAOAk  the  Bame  type  of  profile  as  on  the  St.  Quentin  canal,  or, 
at  least  a  type  as  near  to  it  as  is  possible  without  incnrriim  exaggerated 

expense. 

In  ciKf^en  wluTc  a,  now  oiinal  doi^tincd  for  a  coneiderable  traftic  is  t<:>  be 
constructed,  it  might,  jurhaps,  be  advisable  to  allow  a  bottom  width  of 
15  metrcB,  permitting  when  necessary  the  crossing  of  three  boati?,  if  this 
widlli  oould  be  obtained  wtthont  too  much  expense. 

With  a  draft  of  water  of  2.20  m.  the  wet  seetion  G  wonld  thus  be 
carried  to  40.26,  sqm.  and  the  proportion  n  to  4.47  m,\  the  result  would 
be  a  certain  increase  of  speed  to  boats,  whidi  may,  apparently,  be  esti- 
mated at  8  or  10  pCt.  as  far  as  p^niches  are  concerned. 

The  an^niention  of  the  draft  of  water  woiild  also  have  the  ofTect  of 
increasin;^  the  wet  section,  Avt  ll  as  the  proportion  n;  but  experience 
teacher  u?  that  above  a  oertaiii  depth  the  increase  thus  obtained  reduces 
ooly  in  a  limited  measure  the  resistance  of  the  boats  to  traction. 

Neverthelees,  it  is  of  importance  that  the  normal  draft  of  water  of 
2.20  m.  be  neyer  moch  diminished  by  the  settling  of  mud ;  and  as  such 
deposits  cannot  be  removed  at  the  same  rate  as  they  are  produced  the 
reaches  should  be  deepened  by  about  twenty  centimetres,  so  that  the 
deposit  may  accumulate  on  the  bottom  a  more  or  less  loi^jer  time 
without  causing  inconvenience. 

On  the  other  hand  the  Freneh  canals  have  in  inany  jilacos  narrow 
pas.siiges  where  the  wet  section  is  considerably  less  than  that  of  the 
normal  profile. 

Bzperience  teaches  us  that  these  passages  delay  the  progress  of  boats, 
cause  impediment  and  hinder  in  a  most  serious  manner  the  regularity 
of  working,  especially  when  they  are  so  narrow  that  two  p^nidiss  can- 
not cr<»s  in  them. 

In  the  interest  of  the  acceleration  of  transport  it  would  be  advisable 
to  do  away  with  all  these  pnffa^s  nnd  in  establish  everywhere  the 
normal  section,  where  thif  can  be  etleeted  without  extraordinary  expense; 
and  this  scarcely  excludes  locks,  tunnels  and  long  enttiiigs.  The  em- 
ployment of  iron  and  Hteel  allows  at  the  present  day  of  the  construction 
without  difficulty  of  bridges  of  a  sufficient  reach  to  span  canals  wide 
enough  to  pass  two  rows  of  boats,  and  the  tow  paths,  —  as  wdl  as  of 
moveable  bridges  with  central  columns  the  opening  of  which  gives  at 
the  same  time  two  navigable  passages  of  6  to  7  meters  in  width.  On 
the  French  canals  the  passing  of  the  locks  is  frequently  a  cause  of 
considerable  lo=s  of  time  to  tlie  boats.  It  is  pofsible  to  remedy  this,  to 
a  great  extent  by  improvements,  of  which  the  following  may  form  a 
programme. 

o)  Bring  the  height  of  water  on  the  mitre-sill  from  2.20  m.  to  2.40  m. 
in  locks  the  widths  of  which  do  not  much  exceed  $.20  m.,  in  order  to 
fiicilitate  the  entering  and  the  leaving  of  boats. 
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h)  Adopt  for  the  gates  a  systeni  of  construction,  which  will  allow  of 
each  win?  t>piny  rapidly  np^'neH  nnd  f  losr']  (1). 

'•)  Increase  the  imniber  "t  o|K'uing8  tor  tilling  and  enjptying  the 
chamber  of  the  lot;k  in  such  way  that  they  may  be  used  successively 
and  as  required  (2). 

d)  Eatablish  above  and  below  the  lockB  at  15  to  20  meten  from  each 
h«ad,  mooring  places,  where  the  boats  can  await  their  turns  for  passinK  (3). 

e)  Allow  fbr  towing-paths  under  bridges  constracted  on  the  „ini3r»  de 
faite"  of  these  works. 

These  diflcrent  improvements  give  excellent  results  on  the  St.  Quentin 
(•anal ;  they  alh>\v  <)f  the  pa.ssage  of  5  to  <>  boatfl  per  hour  through  the 
locks  of  this  navi-zahle  way  (4). 

It  would,  evidently,  be  of  great  advantiige  to  iippiy  them  on  other 
canals  of  large  traffic  in  order  to  accelerate  the  rate  of  speed  of 
transport. 

InprovsiMiit  of  fht  ptant  in  tht  tarhoirt. 

Most  of  the  harbours  situated  on  the  French  canals  are  totally  unpro- 

vided  with  suitable  plant. 

Therefore,  the  luadine  <>f  a  boat  of  lesp  than  30()  tons  often  t.ake.s  (5  to 
8  dayrt,  where  an  with  the  aid  of  proj-er  niaeliinps  the  same  work  could 
be  done  in  1  or  2  days;  the  same  remark  applies  in  every  way  to 
discharging. 

This  state  of  things  evidently  delays  the  dispatch  and  delivery  of  goods 
and  causes  an  accumulation  of  goods  at  certain  places  at  periods  when 
navigation  is  most  active. 

Many  loaded  boats  suffer  delays  of  several  weeks  on  thi^  account, 
being  obliged  to  remain  in  the  reaches,  where  they  are  a  hindrnnop  to 
navigation,  while  at  other  places  there  ]»  a  want  of  boats  for  the  dispatch 
of  urgent  goods.  Suitable  jjlant  in  harbours  is,  thus,  of  the  greatest 
importance  to  the  acceleration  of  transport. 

But,  in  our  opinion  the  task  of  developing  such  plant  should  be 
incumbent  on  private  parties,  or  at  least  on  certain  public  bodies,  such 
as  the  Chambers  of  Commerce. 

(i>  The  duration  of  the  working  uf  a  wing  may  be  i-educed  to  30  or  40  monds 
without  the  etnplojment  of  any  speei>t  meclunisin. 

('2»  TIk'  rilliii;.'  of  ttiL'  ciiarnber  botwceii  the  v,'rtt<'s  of  a  loi  k  of  ^.'10  in.  in  width,  of 
38.&U  lu.  in  length  and  of  2.5U  in.  to  3.UU  in.  of  &ii  may  under  normal  conditions  be 
effected  in  less  than  i  minntes. 

(3)  These  mooring  places  are  not  rcqnirod  when  the  lock»  are  eatebUsbed  on  one  side 
of  the  bed  of  water  instead  of  in  the  middle  of  the  canal. 

(4)  The  annual  trafltc  on  the  St  Quentin  canal  amonnta  to  an  average  of  8S00000 
tons  and  on  aoroe  canals  which  are  exceptiooaUy  fl^nented  It  reaches  9800000  loas. 
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Improvement  of  the  traction  of  boats. 

On  the  canals  of  the  North  and  the  East  of  France  boate  are  almoftt 
exclusively  drawn  hy  horses.  On  most  of  the  canalf  the  service  is  freely 
exercised,  without  other  regulations  than  those  which  may  result  from 
the  greater  or  leas  activity  of  demand  and  supply. 

On  some  of  the  navigable  ways,  however,  there  axe  regular  eervioes  of 
traction  by  boiaea;  for  example,  on  the  canal  from  the  Sambre  to  tiie 
lateral  Oise  oanal.  These  servieee  are  purely  private  undertakings 
whieh  contract  with  the  navigators  in  their  lest  interests. 

On  the  other  hand  the  administration  has  organised  on  the  line  from 
Belgium  towards  Paris  between  Cond6  sur  Escaut  and  Chauny  a  towage 
service  conceded  by  public  adjudication  to  contractors,  who  work  it 
according  to  the  conditions  of  a  rate  of  eharnes  confirmed  by  decree  and 
according  to  a  fixed  tariff.  This  service  is  obligatory  for  loaded  boats, 
irith  the  eKcqtiion  of  those  which  have  their  own  steam  power,  and  is 
at  the  choice  <tf  empty  boats. 

It  contributes  greatly  to  the  secnrance  of  regularity  and  rapidity  in 
transport  and  appears  to  ns,  in  the  jifesent  state  of  things  absolutely  indis- 
pensable on  the  navigable  ways  which  it  serves  with  regard  to  tiie 
exceptional  importance  of  the  lini'  from  Ikdgiurn  to  Prtris. 

The  establishment  of  a  service  in<»re  or  less  analogous  would,  in  our 
opinion,  afford  great  advantages,  on  much  frequented  canals  where  no 
private  traction  service  exista. 

Hie  employment  of  steam  engines  for  the  pn^ulsion  or  traction  of 
boats  has  up  to  the  present  had  but  a  very  limited  devekpement  on  the 
canals  of  the  above  named  distoioi  There  are  about  thirty  caxgo  steamers, 
performing  a  service  more  or  lees  regular  between  PluiB  and  the  principal 
towns  of  the  north  and  Ihv  eant. 

There  are  four  nteani  tug  services,  which  work  certain  special  passages 
generallx  in  one  direction  only.  The  running  of  the  cargo  boats  is  naturally 
rapid,  but  it  is  comparitely  dear;  they  can,  therefore,  only  carry  goods 
of  a  rather  high  value. 

Towage  in  train  is  of  great  service  on  Hie  points  where  It  is  now. 
applied ;  but  we  consider  that  it  might  be  profitably  employed  on  other 
points,  with  the  exception  of  reaches  of  exoc^onal  length. 

On  the  other  hand,  traction  of  single  boats  by  steam  is  of  capital 
importance  for  the  aeeelcration  of  transports.  Nnmerouft  experiments  have 
hi'vi)  made  in  this  respect,  but  there  is  at  present  not  a  single  service  of 
this  kind  working  in  France. 

Iiiprtviiisit  if  plait  fir  laliid  atvlgiliii. 

The  axperiments  of  Mr.  m  Mas  have  brought  to  light  an  important 
foct,  via.,  the  remarkable  difference  existing  between  tiie  resistances  to 
traction  of  the  various  types  of  boats  in  use  on  the  French  oanals, 
under  same  conditions  of  i^ed  and  of  wet  section  amidships. 
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This  differeuce  is,  espeoiiiUy,  oonodoBble  when  the  boata  are  tagged 
on  un  indefinite  sheet  of  water.  Still,  it  is  very  perceptible  when  the 

boats  navigate  a  canal. 

Table  (f)  gives  in  this  \m\  cme  for  the  resistrtn<'0  to  tractioTi  of  a 
peniche  and  a  tone  of  the  same  length  at  the  tloatiog  line  and  the  same 
width  amidships  the  following  figures. 


Depth  of  UO  n. 

Oeptk  of  l.«>  a. 

Sjrt-ed  of 

0.50. 

Speed  of 
0,76. 

Speed  of 
0.50. 

Speed  of 
0.75. 

114  k. 

2S6  k. 

172  k. 

415  k. 

Tom  of  the  Sidne  . 

68 

150 

109 

349 

DilRnvDM  .... 

46 

106 

63 

166 

ThoK  .  .  . 

41 

36 

And  the  difference  would  be  still  greater  if  a  Pmssian  boat  were  sab- 

etituted  for  th(>  t/Mu-. 

This  dilfcrence  is  evidently  due  to  the  respective  forms  of  the  boats, 
which,  however,  differ  only  in  their  extremities. 

All  three  are  flat  at  the  bottom  and  of  a  rectangular  form  on  the 
greatest  part  of  their  length. 

The  pfiniche  is  scarcely  lonnded  at  its  two  ends  and  tiie  bottom  is 
only  laieed  in  some  parts  a  few  oentimeters;  also,  the  coefficient  of  dis- 
placement  amounts  to  0.99  (1). 

The  toue  is  square  at  the  stern,  but  somewhat  pointed  towards  the 
bows,  the  bottom  is  often  elevated  a  quarter  of  an  ellipse  on  a  length  of 
2  to  3  meters.  The  coefficientof  displacement  coiiHcquently  descends  to  0.97. 

The  Prussian  boat  is  rounded  at  both  ends  in  the  form  of  a  semicircle 
and  is  elevated  to  a  quarter  circle,  by  which  the  coefficient  of  displace- 
ment sinks  to  0.986. 

The  irolnme  of  the  rectangular  parallelopiped  formed  by  the  immeiged 
part  measures  8&50  X  ^  X  ~  846^;  the  total  diaplaoement  snd 
the  pomble  gnage  of  the  three  types  is  in  round  figures  (2). 


^Dotal  ditplacflmeat. 

BfliBetivo  gnagOk 

FleiDidi  p^niclie  .  .  . 

843  cnb.m. 

m  t. 

Tono  of  the  Saftne  .  . 

336 

286 

PniHuii  boat  .... 

3S8 

S78 

(1)  The  coefficient  of  the  dtsplac«[uent  of  a  boat  in  the  proportion  of  it*  HMU  dispis* 
ceineut  to  the  rectangular  paiullelopiped  formed  by  its  imuieiged  port. 
<i)  The  doad  weight  of  tlio  tbroo  bo«t»  lidng  unifonnlj  ottlmated  at  50  toai. 
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It  appears  from  the  foreguing  that  by  sacrificing  6  tons  on  the  possible 
guage  for  the  totte,  and  of  14  toiifl  for  tbe  P)ru88taii  boat,  mariners  might 
obtain  a  oonaiderable  reduction  in  tbe  leeiBtance  of  their  boats  to  traotion 
and  consequently  realise  a  praoeptible  increase  of  speed. 

The  improvraaent  of  navigation  plant  in  the  sense  of  the  preceding 
observationa  would,  thus,  exercise  a  fiivouiable  influence  on  the  rapidity 
of  transport. 

11   NECESSARY  EXCESS  OF  THE  DEPTH  OF  A  CANAL  ON 
THE  DRAFT  OF  THE  BOATS. 

It  is  generally  admitted  in  Frame  tliat  the  (!< :  'li  .f  a  canal  should 
exceed  the  draft  of  the  boats  by  at  Icai^t  0.20  in.,  and  the  excess  is  brought 
to  0.40  m.  <)n  canals  of  the  greatest  truflie. 

It  seems  to  us  that  it  will  be  useful  to  examine  if  it  is  advisible  to 
proceed  further  in  this  direction  and  to  increase  the  depth  at  the  same 
time  as  the  width,  when  it  is  proposed  io  augment  the  wet  sur&oe  of  a 
canal. 

On  this  point  a  very  interesting  experiment  was  made  by  BoesuT  in 
the  last  century  by  the  aid  of  a  wooden  prism  with  a  s(}uare  base,  sides 
of  0.65  rn.  and  a  length  of  1.97  m  ,  immerged  to  the  half  of  its  height.  (1) 

This  prism  was  tugged  with  a  uniform  speed  of  0  84  m.  per  second  in 
a  large  bafin,  the  dimensions  of  which  might  lie  considered  aa  indefinite 
and  gave  under  these  conditions  a  resistance  of  7.83  k. 

BoasQT  then  formed  in  the  basin  by  the  aid  of  wooden  partitions  a 
canal,  of  which  he  successirely  altered  the  depth  and  the  width;  the 
prism  was  then  drawn  at  the  same  speed  of  0,84  m.  and  the  leststanoe 
to  traction  was  measured  in  each  case. 

The  results  obtained  are  given  in  the  following  table,  where  the  resis- 
tance observed  in  an  indefinite  space  is  taken  as  unit. 


Frw  width  on  flach 
side  of  tbe 
flostinf  object. 

Frae  hsfght 
under 
the  flosting  object. 

R«Tattve 

resistances. 

Indefinite. 

Indefinite. 

1 

Indefinite. 

0.413  TO. 

1.10 

Indefinite. 

O.mb  ^ 

1.15 

0.619 

0.090  „ 

1.52 

0.216 

0.085  „ 

3.96 

O.0S5  „ 

8.15 

0)  BossuT,  Hydrodyiiamica. 
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The  examination  of  tlua  table  apparently  provee,  that  above  a  certain 
limit)  the  free  height  under  the  floating  object  has  only  a  limited  Infln- 
ence  on  the  resistance  to  traction  and  that  this  inlluence  depends  more 
on  the  free  width  on  each  side  of  the  floatinfr  object. 

The  first  part  of  this  observatinn  is  confirmed  by  experiraente  made 
by  the  engineer  Barbbt  on  4  lacks  of  the  Scarpe  and  on  the  Sens6e 
canal,  the  width  of  which  is  uniformly  5.20  m.  (1). 

Ifr.  Babbit  measured  Hie  time  whidi  p^niches  of  5  meters  in  width 
and  a  depth  of  1.80  m.  took  to  enter  from  downstream  in  the  chamber 
of  the  locks,  under  the  action  of  a  constant  power,  and  found  that  the 
time  varied  as  follows  with  the  height  of  the  water  on  the  mitre  silL 


Locks. 

Height  of 
water  on  the 
mitra  iill 
E. 

Duration  of 

enfprin£» 

of  til'-  ti.>at 
T. 

AuguHtin'B  lock.   .  . 

2.034 

These  fibres  are  th« 

Ottnlnn  lock  .  .  . 
BiMw  lock .... 
FkwiiM  lock.  . 

8.8&0 

5'56* 
4-90' 

a' 86' 

averages  of  many  ex- 
periments. 

It  follows  from  this  table  that  the  time  T  is  reduced : 

a)  tnm  VMP  to       wkcn  tlw  bdglit  H  Imhmw  from  UM     to  im  m, 

b)  .    yss*   .  i'W      .      «      .       ,        ,  .     2.103  ID.  to  XHHI  m. 

c)  '   vxr  .  yaer    .    •     .     *      «       •    -xaso  m.  va  ima  m. 


Mr.  Babbbt  concludes  from  this  „tliat  the  importance  of  bringing  the 
height  of  water  on  the  lower  mitre  sill  of  locks  to  2.26  m.  or  2.30  m.  is 
very  considcrnMo  but  that  a  further  increase  scarcely  appears  justified 
by  the  results  which  would  be  ohiiinrd." 

Thip  conclusion  pasisesses  evidently  very  sirinus  ititorost:  and  n  Btttfly 
of  the  respective  iniiuences  of  the  width  and  the  depth  of  a  canui  on 
the  resistanoee  of  boats  to  traction  would  innbably  lead  to  other  con- 
clurioDS  not  lees  important 

This  study  is  related  to  the  researches  undertaken  by  Mr.  ob  Mas  and 
forms  in  our  opinion  the  natural  completion  to-  th^. 

ill.  MINIMUM  RADIUS  TO  6£  ADOPTED  FOR  CURVES  OF  CANALS. 

The  width  of  a  canal  at  the  bottom  should  be  increa.sed  in  curves,  the 
radius  of  which  is  below  a  certain  limit,  in  order  to  allow  of  the  crossing 
of  two  loaded  boats. 


(1)  AntMles  det  PioAta  «t  ChanM^ea  1885,  8e  Seiaastre}  pe^N  72T  and  ibllowin^ 
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A  roinlBtsrial  dnwUr  of  JuiM  ihe  19^  1880  has  indicated  aa  rule  to 
be  adopted  the  following  arbitrary  formula: 

.  380 
9      to  MtUn  +  — — 

in  which  r  represeats  the  width  to  be  given  to  the  bottom  and  R  the 
radius  of  the  axis. 

This  formula  ceases  to  te  applicable  when  R  descends  below  100  meters. 

The  same  circular  adds,  also,  that  „as  the  width  required  increases 
rapidly  above  a  radias  of  200  meters,  it  is  advisable  not  to  go  below 
this  limit>  at  least  onlees  local  oonditioos  render  it  neoeisary.*' 

The  St  Qaentin  canal  has  numerous  curves  of  100  and  200  meteiB  of 
radius,  and  even  several  of  80  and  100  meters  are  met  with. 

The  widening  of  these  curves  has  been  effected  in  such  a  way  as  to 
increase  the;  iTiiniinuiu  width  of  the  bed  of  the  canal  to  dnnble  the 
height  of  the  arch,  which  has  for  its  span  the  maximum  length  oi 
the  boats. 

This  widening  has  been  (Mioulated  by  the  aid  of  the  following  formula: 
X  =  1/  L«  +  (i  +  a  H)*  —  2R 

in  which  £  is  tlie  nuudmnm  length  of  tfie  boats  and  I  the  nonnal  width 

of  the  bed. 

The  length  L  has  been  taken  at  40  meters  and  the  width  I  at  12 
meters,  which  gives  the  equation 

X  «       IflOO  +  (12  +  2Kf  -  ajl 

from  which  two  other  approximative  fonmihie  have  been  deduced,  one 
800 

X  =  12m.  + 2B  *PI^^^^®         R  —  150  meters  and  the  other 

400 

X  =  12  m.  4-  „  applicable  wbtsu  R  =  300  m.  and  more. 
The  values  of  s  in  these  formulae  have  finally  been  increased  by 

0»  n.  for  ndtt  of  SW  to  »»  natan 

O.'M  TO.    •        .       ,  "W)    .  TBO 

nud  IM  m.  '       •     uudur  ISO  meter*, 

flo  as  to  take  uito  aooonnt  the  difficulty  experienced  by  boats  in  ma* 

noeuvering  in  cnrvef?  of  ptmall  radius. 

The  widened  curves  have  been  succes.sively  connected  with  contiguous 
.'Straight  parts  with  a  normal  width  of  40,  00  or  80  meters  accordiugly  oh 
the  widening  has  been  effected  symmetrically  on  both  sides  of  the  axis, 
or  only  on  the  concave  or  only  on  the  convex  bank. 

These  arrangements  have  in  practice  given  very  satisfoctory  results  in 
every  respect;  loaded  p^niches  cross  without  difficulty  even  in  curves  of 
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small  radius  and  they  navigate  the  curves  when  no  other  boat  is  present, 
without  slackefiing  npaed. 

Inq)eetor  General  Flamant  haa,  however,  shown  in  a  report  inserted  in 
the  „Annales  des  Fonts  et  Chauss^es  (1881  Bemestre)'*,  that  the  power 
required  to  move  a  boat  with  a  given  speed  in  a  curve  of  100  meters  of 
radius  exceeds  the  donbl*:  of  that,  wbicli  would  produce  the  same  speed 
in  a  straight  canal;  but  his  calcnlations  did  not  takr  into  lucount  the 
widening  of  the  bed,  which  amounts  to  5  meters  on  all  the  extent  of 
the  curves  in  question. 

By  means  of  this  widening  we  estimate  tiiat  a  radios  of  100  meters 
may  when  necessary  be  adopted  without  serious  inconvenience  on  a 
canal  destined  to  be  used  by  boats  of  88  to  89  meters  in  length  and 
5  m.  in  width. 

*   IV.  PROTECTION  OF  THE  BANKS  OF  CANALS. 

The  chief  Engineer  Prslin  presented  to  the  V*^  Ciongress  a  detailed 
report  on  the  consolidation  of  the  banks  of  canals  in  Hie  northwn  part 
of  France. 

We  will  confine  onrf=ielves  to  adding  tn  this  report  a  few  oh.-jervations 
relative  to  works  of  protection  executed  on  the  canals  of  the  line  from 
Belgium  to  Paris. 

The  different  systems  in  use  on  these  canals  include  the  erection  of 
masonry  or  stone  walls  with  fh«r  foundation  0.40  m.  below  the  water-line 
and  extending  jto  0.90  m.  on  0.^  m.  above  this  level. 

The  bass,  which  is  of  beton  or  dried  stone  is  protected  by  a  line  of 

oak  piles  0.10  m.  or  0.12  m.   in  diameter  and  1.50  m.  to  1.70  m.  in 
length,  against  the  heads  of  which  are  nailed  on  the  side  of  the  Ixmk 
cross  planks  also  of  oak  and  0.526  m.  to  0.30  m,  in  width  and  0.03  m, 
to  0.04  m.  in  thicknesp. 
The  arrangements  in  elevation  are  divided  in  four  dilierent  types: 
1^.  Stone  walls  at  an  incline  of  45*  formed  of  stone  blocks  averaging 
0.25  m.  in  length,  laid  dry  on  a  bed  0.15  m.  in  thu^EneflS,  composed  of 
broken  stones  of  0.08  m.; 

2*^.  Dreading  of  thin  beton  0.50  m.  in  depth  at  a  slope  of  46*  and 
fbrmed  of  two  beds  each  of  0.25  m. ;  the  inner  bed  being  of  steel  dross 
moistened  and  strongly  pressed,  the  outer  l)ed  in  thin  beton  of  steel 
dross  in  the  proportion  of  150  kilogrammes  of  hydraulic  line  to  a  cubic 
meter  of  dross; 

3*.  Dressing  with  masonry  of  bricks  of  a  thickness  of  0.22  ra.  on  a 
slope  of  Vii 

4*.  Masonry  of  bricks  of  a  thickness  of  0.34  m.  with  a  front  slope 
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These  four  types  offer  sufficieat  resistance  to  the  action  of  the  waves 
and  to  the  Action  of  empty  boats. 

The  price  per  metw  length  varies  aocoTding  to  the  distance  the 
materials  have  to  be  transported,  for  instance: 

for  type  I,  used  on  the  lateral  canal  of  the  Oise  and  the  southern  part 
of  the  St.  Quentin  canal  from  7  to  8  francs; 

for  type  TT.  employed  on  iht'  Esoaat  and  the  Northern  part  of  the 
St.  Quentin  canal  o  50  to  4  francs; 

for  type  III,  used  in  the  upper  reach^  of  the  two  branches  of  this 
canal  5  to  ti  francs; 

for  type  IV,  employed  in  the  dividing  reach  of  this  canal  8  to  9  francs. 

OompQgfu,  June  the  29»>  1894. 

Trudated  by  G.  I.  RowtANO. 
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Vl^  International  Inland  Navigation  Congress. 

THE  HAQUE,  1694. 
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REPORT 

BY 

H.  WOBTHAH, 

BeooBd-daaa  EaflltiMr  of  fhs  Vktmstaat,  Anm, 


At  the  meetings  of  the  first  section  of  the  fifth  Inland  Navigation 
Congreis  the  qneiUon  of  liM  slope  to  b«  given  on  ptoteeted  canal  banks 
waa  the  object  of  attenUve  lamination,  the  xoaalt  of  which  was,  that  the 
CongTeai  expfessed  a  wish  that  experiments  should  be  nnde  to  detennine 
the  influence  of  the  slope  of  the  banks  on  the  effect  of  the  wash  caused 
by  the  movement  of  steamboats,  and  that  at  the  next  Congress,  with 
the  help  of  the  results  of  these  experiments,  tlic  study  "f  thf  beet  arrange- 
nieutB  and  the  most  economical  construction  for  the  protection  of  the 
banks  of  canals  should  be  continued. 

If  it  be  desired  that  experiments  should  be  made  with  regard  to 
the  influenee  of  the  dope  on  the  effect  of  the  wash,  the  xeealts  of 
which  shoold  be  that  the  proportion  between  tiie  height  of  the  wash,  the 
slope  of  the  banks,  the  speed  of  the  steamboats,  the  wet  section  of  the  canal, 
and  the  submerged  main  section  of  the  vessel,  could  be  expressed  in  figures, 
it  would  be  newssary  to  construct  for  the  purpoflp  n  nection  of  a  canal 
with  banks  of  different  slopes,  or  to  prepare  a  model  of  such  a  canal 
on  a  small  scale. 

This  has  not  yet  been  done  and  exact  figures  concerning  the  propor- 
tions in  question  will  thus  not  be  found  in  this  report. 

In  pniotioe  the  figures  would  have  however  only  a  relative  value,  as 
It  is  difficult  to  tning  into  calculation  diffeient  elements  depoiding  on 


Digitized  by  Google 


2 


local  circunistiitii  e8,  such  as  the  material  of  which  the  dreading  of  the 
canal  Ib  made  and  the  variation  of  the  water  level. 

8till,  perhaps  a  little  more  light  may  be  thrown  upon  the  quwtiim  if 
the  works  proteetiDg  the  banlcB  be  examined  in  oonnecticm  with  the 
dimensions  of  the  canal  and  l&e  steamboats  whidbi  navigate  it. 

The  protection  of  canal  banks  which  has  only  appeared  generally 
neceHsary  since  the  increase  of  steam  navigation  on  canals,  which  bo 
works  upon  the  b.-inks,  remains  still  in  a  stnj^e  of  development  and 
the  various  systems  which  have  been  adopted  may  be  regarded  as  so  many 
experiments. 

It  is  therefore  well  that  the  exampleu  presented  be  collected  and 
compared,  in  Older  that  the  good  examples  may  be  fidlowed  up,  as  well 
as  that  the  bad  may  serve  as  wardngs.  Various  eystions  whidi  have 
been  tried  on  Datch  canals  will  be  expluned  in  this  report 

This  will  be  particularly  usefnl  in  the  further  study  of  the  subject,  as 
in  the  treatment  of  the  question  at  the  last  Gbogress,  where  the  ad  van* 
tages  of  steep  inclines  on  canal  hanks  were  diBCUBsed,  Dutch  canals  were 
several  tinit's  taken  as  examples. 

Tlje  details  given  in  tliijj  reiwrt  are  for  the  most  part  borrowed  from  the 
reports  demanded  by  the  Administration  of  the  iloyal  Institute  of  Engin- 
eers from  the  En^neeis  charged  with  the  control  of  oansli  and  are 
with  the  greatest  willingness  supplied  by  the  latter. 

As  will  be  shown  there  are  in  the  Netherlands  many  systems  of 
protection  w]ii<  h,  however,  may  be  collected  into  a  few  prindpal  types. 

Before  describing  the  systems  it  will  be  well  to  give  some  genual 
information  oonoeming  canals  in  the  Netherlands. 

Gsnsral  rsnvks  soneerelio  saials. 

The  canals  in  the  Netherlands  may  be  divided  into  two  danes.  Those 
of  one  class,  which  are  found  in  the  lower  provinces,  were  originally 
land-drainage  canals  which  have  since  been  employed  for  navigation. 
They  are  properiy  speaking  not  rivers  because  they  do  not  £reely  csny 
their  waters  from  hii^her  regions  to  the  sea.  They  are  rather  the  old 
krel'cn  (crerks),  wliicli  have  been  left  in  tlie  un-dikcd  land  of  the 
maritime  provinces  and  which  now  by  the  aid  of  mills  and  steam 
engines  Ciirry  oil  the  water  from  the  poUkrs. 

These  canals,  called  botzemkanalen,  some  of  wliich  are  expressly 
dug  for  drainage,  are  kept  as  much  as  possible  at  a  certain  level  by  means 
of  locks,  and  sometimes  by  steam-engines,  and  are  often  managed  by  the 
watenduippen  who  are  interested  in  the  knd<4rainage.  Of  this  class 
in  North  Holland  are  the  Amsiel,  the  Zaan  and  the  Spaame;  in  tlie  ])ro- 
vince  of  South  Holland  the  Gouiee,  the  liotte,  the  Sckk  and  the  canal 
called  the  Ldihche  Rhine;  in  the  province  of  ITtrecht  the  Vechf;  in  the 
province  of  Friesland  the  numerous  canals  which  connect  the  lakes  or  pools 
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stilt  existing  in  ih\<>  province  and  in  the  provinoe  of  Gioning«n  ihe 
Damsterdiep  and  the  Hcitdiep. 

The  dimensions  of  the  canals  are  determined  with  a  view  to  the 
interests  of  land-draiuage. 

Ae  a  rule  thtjr  aw  of  ooniiderable  iridth  which,  however,  varies  veiy 
mudh  at  different  pointBi  and  are  not  of  great  d^h.  Thns  the  Amslel 
has  a  width  of  50  m.  to  90  m.  and  a  depth  of  2^  m.;  the  Spaame  a 
width  of  40  m.  to  2.35  m.  and  a  depth  of  2.20  m.  to  3.70  m.;  the  8du€ 
a  width  of  24  m.  to  42  m.  and  a  depth  of  2JS0  m. 

These  canala  which  forra  the  waterways  between  many  of  the  moBt 
important  towns  have  been  for  centuries  taken  into  the  service  of  naviga- 
tion, and  in  this  ct'ntury  a  very  active  steam  servicfi  ha?  been  developed 
on  some  of  them]  such  aa  the  Suhie,  the  Zaan,  the  Auistel  and  the  Gouwe. 
Meanwhile,  the  canal  hanke  have  relatively  suffered  less  in  CfHuequenoo 
ae  the  width  of  water  is  very  great  in  proportion  to  the  depth  and  to  the 
dimensions  of  the  artificial  works  through  which  vessels  have  to  pass. 

Quite  another  sort  of  cAuals  are  those  which  have  been  excavated 
for  the  benefit  of  navigation,  to  which  dimensions  have  been  given  not 
grater  than  is  required  for  the  psssage  of  the  largest  ships  expected  (o 
use  the  canals. 

Of  this  kind  wo  have  in  the  first  place  the  canals  for  ^.ea  goiug  vessels 
i<uch  as  the  Aurth  Holland  Canal,  which  was  dug  in  1824  to  connect 
Amsterdam  with  the  Kcffth  Sea  near  the  Heldw,  and  further,  the  North 
Sea  Canal  from  Amsterdam  to  Ymuiden,  the  Canal  thnmgh  Veorntf,  dug 
in  1881  to  conduct  ships  from  Rotterdam  to  the  sea  near  HellevoetsluiR. 
the  Canal  through  Waleheren  and  the  Canal  Ihrowjh  South  AcwIchk/,  which 
two  canals  unite  the  two  branches  of  the  Scheldt,  and  the  T«miimen  Canal 
which  connects  Ghent  with  the  l-^'^lieldt. 

Of  all  thcso  canals  only  the  Nortli  Sea  Canal  and  the  Ternenzen  Canal 
are  regularly  used  by  sea-going  steamers.  The  North  Holland  Canal  and 
the  canal  through  Voorne  are  rarely  visited  by  these  vessels  since 
Amst^am  and  Rotterdam  have  been  connected  by  better  ways  with  the 
N(nrth  Sea.  The  canals  through  Waleheren  and  through  South  Beveland  were 
dug  to  re]dace  the  brandies  of  the  Scheldt,  whidi  had  been  dammed  for 
the  construction  of  the  railway,  and  are  actively  used  by  inland  cxaft  but 
seldom  by  sea-going  vessels. 

Finally,  many  canalf?  have  been  excavated  for  inland  navigation,  among 
which  the  Amierdam-Mcrwcde  Canal  just  lately  finished  is  the  most 
important. 

A  number  of  these  canals  are  h\  the  eastern  and  southern  provinces, 
where  the  country  is  more  hilly  and  many  locks  are  necessary  to  regu- 
late the  &I1  of  the  water. 

It  is  on  canals  of  the  sscond  soft,  which  are  of  limited  dimensions  and 
mostly  »cavated  in  sandy  soil,  that  the  question  of  bank  protection 
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lins  licpn  nvmi  promiut'iitly  hroutilit  I'orwMrd.  Miwt  caiKils,  and  aiiiongst 
them  ail  those  belonging  to  the  State,  are  navigable  for  steauiix>at8.  The 
BUction  of  the  ateamboatB  and  the  ^luuging  influence  <3i  the  wash 
caused  by  them  has  in  the  course  of  time  ehown  itself  everywhere. 

On  Bome  canals,  aa  on  the  Dedmetaarl  in  Orergaeel  and  the  Hoog&' 
wauehe  vaart  in  Drenthe,  navigation  by  ateamboats  is  forbidden,  and 
here  the  protection  of  the  hanks  can  be  effected  by  very  simple  means. 

Oineaaions  of  caoals  tad  steanbtate. 

For  all  CunalB  belonging  to  the  State,  us  well  as  many  others,  rules 
have  lifHMi  fixed  by  which  is  deleruiined  the  highest  speed  allowed  to 
ateamlxiats  and  the  greatCHt  dimensionR  of  vessels  to  be  admitted. 

The  Bpced  of  s^tiaui boats  is  usually  re^^ndated  hy  their  draught,  for  the 
deeper  l>oats  a  lesser  lipe^  being  allowed  than  for  those  of  smaller 
draught 

Hie  speed  allowed  is  usually  slightly  exceeded  l>y  the  vessels.  The 
dimenttons  of  the  vemds  are  gmerally  regulated  acxx>idiog  to  the 
dimensions  of  the  locks  and  bridges  which  they  have  to  pass.  The 
maximum  measurement  is,  however,  seldom  reached  by  the  vessels. 

The  ratio  between  the  wet  section  of  the  canal  and  the  submerged 
main  section  of  the  largest  vessels  regularly  navigating  the  eanal  is 
therefore  as  a  rule  more  favouraltle  than  it  would  be  if  the  canal  was 
used  by  vessels  of  the  largest  class  admissible. 

For  the  canals  the  bank  protections  of  which  are  described  in  this 
report  the  ratio  referred  to  is  given  in  the  following  table  as  it 
would  be  if  the  canal  and  the  vessels  were  of  the  regulation  dimensionB, 
and  as  it  is  now  in  reality. 

Herein  is  also  given  the  speed  which  is,  according  to  the  rules,  allowed 
to  Bteamboats  of  the  largest  size,  admissible  and  the  i^»eed  of  the  largest 
boats  which  at  present  r^ularly  use  the  canal. 
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(1)  The  wet  section  of  the  canal  given  in  Uie  first  column  is  taken  from  the  «Ovef 
tieht  der  Scbeepvaartkanalen*  published  by  the  «Hinisterie  van  Waterstaat,  HAndal  en 

Nijverheid." 

(2)  Ttie  submerged  main  section  of  vessels  in  the  sccnnd  column  n  calculated  from  the 
dimensions  of  the  largest  vessels  as  flied  fn  the  roguhitions  whereby  for  vessels  the  ratio 
between  the  width  antl  the  de(  ifi      i educed  to  19  :  20. 

(3)  For  steamboats  which  do  not  appear  to  cause  any  injurious  effects  on  the  banks, 
a  speed  of  10.8  kin.  per  hour  may  be  allowed. 

(4)  The  canal  is  not  yet  entirely  o|K!ned  for  Steam  trainc. 

(5)  Tho  largest  diuKTisi  ins  for  vessels  aie  not  jrivon  in  the  regtilatioiis.  It  i-;  iuil\  st;iled 
that  steaiuboats  with  a  draught  of  more  than  1.25  in.  may  not  Uavel  at  a  greater  speed 
than  7.5  km.  per  hoar. 

From  the  above  it  appears  that  if  the  Dutcli  cunalH  were  ret^ularly  used 
by  8teaml)oat6  of  the  largest  dimensions  allowed,  the  ratio  hetweeu  tho 
Bubmeiged  main  flection  and  the  wet  flection  of  the  canal  would  not 
generally  be  favourable. 

The  ratio  is  only  for  a  few  of  the  otnala  givra  as  greater  than  1 :  4, 
and  of  theae  again  .'^ome,  such  as  the  Dieze  and  the  Meppelerdiep,  are 
not  canals  excavated  £ot  navigation  But  canalised  rivers. 

On  the  Bea-water  canals  the  regulation  ratio  is  least.  On  the  niont 
ituijortaiit  inland  navigation  canalf.  «uch  as  the  Amsterdam-Morwede 
(.'anal  and  the  South  \\'illeiii.svaart  it  ia  about  1  :  3. 

It  appears  also  that  the  Dutch  canals  arc  generally  used  by  steamboats 
of  considerably  smaller  dimensions  than  the  maximum  allowed.  The 
proportion  above  referred  to  is  thus  in  reality  much  more  fevour* 
able*  and  for  three  canals,  the  South  Willemsvaart,  the  canal  from 
Maastricht  to  Li%e,  and  the  canal  from  Oxoning^D  to  Stroobos,  it  is  to 
lees  than  1  :  4. 

The  j)roportion  is  particularly  favourable  for  canals  which  have  been 
constructed  for  sca-going  vessels,  such  as  the  canals  through  Walcheren 
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and  throu^ih  f^ooth  Bt'veland  and  the  North  HoUand  canal  which  are 
now  regularly  navigated  by  inland  boats  only. 

It  is  very  mrely  that  large  sea-going  ptentnrrs  visit  these  canals  and 
even  then  they  are  tugged  at  a  low  rate  ol'  a|>eed. 

The  canal  through  Voome  also,  of  which  no  mention  is  made  in  the 
table  becauae  the  bank  protection  only  oonsieia  of  withies,  which  answers 
the  purpose  Teiy  well,  is  in  the  same  condition. 

TTie  ratio  ^^-^  for  the  canal  according  to  the  xeralation  amounts 
9,  m. 

to  78  aq.  m.  ^  j  g  ^  ^  actuaUy  ISj^'?       ^  i  .  ift. 

The  North  Sea  Canal,  througfaoat  the  greater  part  of  which  there  is  on  both 
sides  of  the  nayigable  channel  a  submerged  berm  30  m.  in  width,  has 

not  shown  any  need  for  the  protection  of  its  banks.  The  Tenieaien 
Canal  is  the  only  one  of  the  canals  treated  in  this  report  that  is  regu- 
larly used  by  sea-going  steamers  with  their  own  power. 
The  ratio  for  this  canal  is  1  :  4.5. 

The  speed  of  steamlxiats  on  the  canals  in  the  Netherlands  a])pt  ars  to 
be  very  considerable  and  may  be  taken  at  aii  average  of  7  kui.  per 
homr.  The  maximum  speed  admitted  in  the  regulations  are  mosUy 
exceeded,  as  it  is  very  difiBcnlt  to  prove  these  irregularities. 

The  steamboats  of  which  the  dimensi<ms  are  here  given  are  all  screw- 
boats. 

The  canal  through  Walcheren  and  the  WiUemsvaarl  in  Overvsael  alone 
are  navigated  by  paddle-boats,  wliich,  however,  are  of  less  dimensions 
than  the  largest  screw-boats  using  the  canaL 

System  adopted  for  the  protection  of  canal  banks. 

The  principal  sy-^tonis  adopted  on  thr  Dutch  canaln  for  protection  of 
b  uilc-   are  shown  at  the  end  of  this  report  on  Plates  1—10. 

i'or  each  canal  is  given  the  section  of  the  canal  and  of  the  largest 
steamboat  regularly  nsing  the  canal,  as  they  are  actually  met  with.  . 

Among  the  systems  of  bank  protection  are  not  included  the  various 
works  conmsting  of  fiuRiines  and  grass-dopes  irhich.  are  still  met  with  on 
the  sides  of  a  number  of  canals. 

The  ftecine  work,  which  if  it  is  not  always  under  water,  must  be  conti« 
nually  renewed,  thm  f-ausinff  cnnsidcrahle  exponfc  for  maintenance,  has 
heea  found  U:>  he  everywijere  quite  in.suflicient  on  canals  where  steam 
navigation  is  important  and  it  is  being  gradually  replaced  by  more  solid 
constructions. 

Where  a  bank  protection  muBt  be  cImm  with  Hm  object  of  rendering 
canals  suitable  for  steamboat  traffic  at  high  speed,  fiucine  work  must 
thus  be  abandoned,  so  that  it  does  not  come  within  the  scope  of  this 
report 
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A  description  of  the  systema  adopted  follows  bdow,  with  which  is  abo 
glvMi  the  expense  of  oonstructLoii. 

The  Byetema  whidi  show  remarkable  diffiBfencee  in  detul  may  be 
grouped  ia  a  few  principal  chtfeee: 

The  principal  claries  are: 

1*'.  strengthening  of  the  original  slopes. 

2'"'.  the  forming  of  new  and  fairly  steep  walls, 
a  combination  of  both  clasees. 

To  the  first  class  belongs  a  talus  of  stone  and  gravel,  to  the  second 
the  embankmeiit  formed  dther  by  a  row  of  stakea  aide  by  side,  or  by  a 
row  of  planks  forming  a  waU,  while  to  the  third  class  belongs  the 
embankment  above  which  the  dope  is  protected  by  a  stone  or  gravel  revet- 
ment or  a  moderately  steep  wall. 
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Niitiire  of 

Cost  per 

Hamber 

the  L^i'iutnl 

Dweriptios  of  th* 

Unftl. 

in  whicU  the 

DMtn 

Remark*, 

cftha  Plato. 

buk  protectioD. 

eie«vatad. 

in  Ittigtb. 

PL  I, 


PI  T. 
Fig.  2. 


PI-  I. 


PI-  2, 
Fig.  4. 


I.(4>)  STRENaTHENED  TALUS. 


Canal  through  Soath 
Bevelmd  eonneoting 

the  two  branches  of 

thr  Sclic-Mt  from 
liansweert  to  We- 
meliUoge. 


CanaJ  throngh  Wal- 
cherao  coao^tiog 
flia  two  anna  vOkt 
Sdiddt  firein  Tlaab- 
ing  via  Middatbaxg 
to  Yaara. 


TemeHzen  Canal,  the 
Dutch  part  of  tbe 
canal  from  Oliant  to 
tka  SebaMt  at  Ter- 


Diaie  from  Bois-le- 
Obc  to  th«  llaaa 
near  CrivaocBar. 


Sand  and 
peat  cover- 
ed trith  a 

layer  of 
(•lay  0.r)0  m. 
thick. 


Sand 
mixed 
with  clay. 


Fine  sand 
oovorad 
withatliia 

layer  of 
day. 


Sand 
aiixed 
with  clay. 


Talus  of  Vilvorde  and 
Leodnos  atona,  aapportad 
by  a  row  of  creosoted  pina 
piles  0.80  m.  long,  of 
whirh  5  go  to  a  motre. 
The  piles  are  supported  by 
a  bed  of  atonaa.  Tfao  stona 
talna  reata  ob  a  layer  of 
clay,  covered  by  a  layer 
of  withies  and  gravel. 
Height  protected  IXui  ui. 
Pnrteeted  aBTfac«  per  metre 
in  langtli,  6aqiiareflaatrea. 

Talus  of  Vilvorde  and 
Toarnay  stone  on  a  layer 
of  gravel.  On  tbe  slope 
a  layar  of  olaj  wUch 
ia  continned  to  the  bed  of 
the  canal. 

Height  protected  l.yf)  m. 
Protected  surface  per  metre 
in  length  6  aqnaramatna. 

Talus  of  Vilvorde  stone 
on  a  layer  of  gravel 
between  nowe   of  piles 

The  ta1n<;  is  supported  at 
foot  by  a  mw  of  pine  piles 
1.20  Ui.  long,  of  whirh  5 
go  to  the  metre  in  length. 
Above  the  atone  talna  a 
layer  of  withies. 
Height  prote('te<i  2.2<)  m. 
Protected  surface  per  metre 
o  square  metres. 

Stone  alope  of  Belgian  stone 
brt^waan  aopporting  piles 
with  msh  beds. 


fl.  19 


fl,  l  i.'yO 
(without 
the  clay 
dressing). 


fl.  13 


fl.  13.a3 


The  protection  has 
been  eibcted  ainoa  1888 
and  keeps  in  Ihirly 

good  condition. 
Tilt'  lifd  of  stones  at 
the  foot  is  very  satis- 
Ibctory. 


The  protcftinn 
eflected  in  1»(0. 
For  want  vt  a  row  of 
piles  fnr  support  of 
thn  foot  of  the  talus, 
the  lower  part  sank, 
afterwards  the  Hlope 
was  washed  away.  Pitea 
have  been  placed  along 
n  certain  distance. 

The    protection  was 
efliKted  in  1880. 
Through  the  washing 

away  of  the  soil  under 
the  stoTip  talus  the 
]iiUvr  lias  sunk  in 
uiaay  plaoes  as  shown 
in  the  dmwing. 


The    protection  was 
efactad  in  1880-1889. 
The  row  of  pilea  at 
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Nnmlwr 
of  the  Plate. 


Canal. 


PI.  2, 
Fig.  .-j. 


South  Willemsvaart 
from  Uaastricht  to 
Boia  Ie->Due,  part  be> 
tween  ](R'k  No.  5 
and  No.  9. 


ri.  2, 

Fig.  6. 


Meppelerdiep  from 

Mci>iM'l  to  ^warttiluis, 
part  uear  Meppel. 


Natare  of 
tho  jjround 
m  which  the 
canal  is 
axcavated. 


Fine  sand. 


Sand. 


Deacription  of  tbo 
bank  protaction. 


Tho  t;ilus  i>  supported 
at  the  foot  hy  a  row  of  pine 
piles  l.GOm.  longfOfwbicb 
5  go  to  the  metre. 

Protected  height  3.40  m. 

Pnili'iti-!  stirfuro  per 
metre  in  length  10.75 
square  metres 


granite  pp 


rows  of 
covered 


Talus  of 
between  three 
supporting  pih 
with  withies. 

The  foot  of  the  talus 
is  Hnpportpd  by  a  row 
of  pine  1.80  m.  in 

lengtb,  of  vhioll  5  go  to 
tho  metre. 

Protected  height  1  ni. 

Protcctwl  surface  per 
metre  in  length  2.85  6qaare 


Talus  of  broken  stone  on 
a  layer  ()t"  day.  Tlu'  foot 
of  the  slope  m  sii]>piirted 
by  a  row  of  pine  piles 
1.60  n.  long,  of  whieh  9 
go  to  a  metre,  and  a  joist 
\s  liir  li  is  f\\vA  to  the  pilfs. 

Protected  height  1.4Uta. 

Proteeted  aarlhce  per 
metre  in  Iragtli  8.77  aqnare 
metres. 


Cost  per 
metre 
in  length. 


fl.  3.50 


11.  6.70 


Ilettmrks. 


\hc  f. ict  r.f  the  stone 
talus,  which  had  sunk 
on  accooat  of  the 
washing  nwsj  of  the 
slope,  IK  replaced  at 
many  points  hy  a  row 
of  piles  2.50  m.  in 
length. 

Through  the  innn- 
datUms  of  tho  Maas 
(lic  watpr  of  the  canal 
may  rise  very  high; 
therefore  the  protec- 
tion of  the  slopo  is 
carried  to  this  heights 

The    protection  was 
effected  in  1885  and 
is  now  nearly  naeless. 
The  piles  atand  *t  too 

gresit  a  (Httam-e  from 
one  auotlier  whereby 
the  sand  behind  them 
is  washed  nwny  and 
the  tains  haa  snok. 

The  piles  are  also 
too  short  and  lean  over 
by  reason  of  the  weight 
of  tha  stama. 

The  protection  was 
efferted  in  1H92  and 
keeps  in  good  condition. 

On  aeeooni  of  tho 
gnat  width  of  the 
canal  there  is  little 
danppr  of  the  *;lope 
under  the  lout  of  the 
tains  being  washed 
away. 
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flfik  Plata. 


Nat^jrc  of 
the  gronnd 
in  which  the 
canal  is 
«tr*Tated. 


Dtsoiiptimi  of  the 

haok  protection. 


Coet  per 
metre  in 
length. 


ilcmorliM. 


16.  STRENflTHENED  TALUS  WITH  FIRM  FOUNDATfON. 

fl.  6.50 


Amsterdam-Uerwede 
Ctial,  tnm  Amater- 
dim  via  Utncht  to 
the  Merw«i)»  near 

Oorinch»*m.  part  be- 
tween Amstenkm 
and  Nigtaveehl 


n.  3,  '  Amsterdatn-Merwede- 
Fig.  8.  Canal.  Part  between 
Utraebt  and  Vreea' 
wgk. 


South  Willemsvaart 
part  between  Maas- 
tricht and  the  Bel- 
gian  frontier.  (Along 
the  canal  from  Maas- 
tricht to  Lipge  a 
similar  system  of  pro- 
tection  is  adopted). 


Very  soft 
peaty 

KTonnd 
(which  was 

dumped 
at  the  dig- 
ging of  the 

canal). 


8and 
covered  with 
a  layar  of 

claj. 


Grit  mixed 
vith  clay. 


Gravel  between  lleappor- 
ting  piles  suppwtad  at  lb 
Ibot  by  a  oompaet  row  of 

pine  piles  1.60  m.  in  length. 

Protei  twl  height  1.75  m. 

I'rotected  surface  per 
metre  in  length  3.90  square 
metres. 


Gravel  firtutcn  i  siquwr- 
ting  pile<s  KUppoi  ted  at  the 
foot  by  a  compact  row  of 
pilea  1.60  m.  in  loigtli. 
Above  the  gravel  a  talus 
of  brifk.  On  the  bank  a 
layer  of  clay. 

Pri>taetedlMigbtl.50m. 
Fnteetadsnrftoeparmetrein 
length  8.85  aq^nare  metres. 

Talus  of  stone  on  a  layer 
of  grit  supported  at  the  foot 
hy  a  row  of  pine|ii1ea2m. 

in  length,  at  distances  of 
1.5f'  ni.  from  i-ai  li  other, 
above  which  a  tie  and 
a  row  of  horizontal  planks. 
Protected  height  0.80  m. 


fl.  5,70 


11.  7.70 


The  protection  was 
effected  in  1890  and 
continncB  in  good  oon- 
dition.  The  layer  of 
gravel  ha<?  to  h-  fint>d 
in  f^om  time  to  time. 

In  many  plaoea  the 
aoft  ground  of  the 
canal-dihes  ha<;  snnk 
away,  whereby  the 
talus  has  followed 
the  new  slope  without 
being  destroyed,  aa  ia 
ahown  in  the  drawing. 

For  the  purpose  of 
'Jtrens'thpning;  the  up- 
per rows  green  willow 
haa  been  employed 
which  now  baa  afvon- 
ted. 

The  jirotci  tion  wa-nef- 
fecttnl  in  1  HnT  and  k(«|» 
ao  far  in  good  oondition. 

The  layer  of  gravel 
has  to  be  filled  in  from 
time  to  time. 


The  protection  wasef- 
ftctedin  1882andkeepe 
in  good  condition , 
though  in  some  places 
the  grit  is  wanhed 
away  between  the  pileu 
and  the  spaces  have 
to  be  iUlod  in.  Bori 
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Nomber 
ofthAPtote. 


Canal. 


ri.  4, 
Fig.  10. 


South  Willemsvaart 
in  the  province  of 
firabftot  between 
lodn  K«  4  and  6. 


Nature  of 

the  gronnd 
in  which  the 
canal  ia 
excavated 


Stud. 


PI.  4, 
Fig.  11. 


South  Willtaivaart 
in  iiie  proTiBee  of 

Brabant  between 
lock  N"  9  and  (he 
frontier  of  tlie  pro- 
vince of  Limburg. 


Sand. 


Duacriptioii  of  the 
bftttk  protectioD. 


Protwted  surface  per  metre 
in  length  1.44  m. 


Stone  tains  of  granite 
pebbles  on  a  layer  of 
gravel  and  a  lay«r  of  clay 
forming  a  berm   1  m. 

wide  which  is  submerged 
at  the  nsnal  water-level. 

The  talus  is  supported  at 
the  foot  by  a  compai^  t  row 
of  pine  piles  S  m.  long,tlie 
se^ms  of  which  an  covered 
hy  Rtakt>«  1  .t?(>  m.  in 
length.  Protected  height 
0.5U  m. 

Proteoted  aniilwB  per  metre 
in  length  3  a^naM  metreu. 


I^yer  of  grave)  on  a  flat 

la  v  IT  <•{  lirnkcn  stones  for- 
miiii^  a  btivm  1  m.  wide, 
\K  hi(  h  is  submerged  at  the 
usual  wat«r-level.  Thetalna 
is  supported  at  the  foot 
by  a  compact  rnw  of  pine 
piles  2  m.  in  length,  the 
seams  of  which  are  coverai 
with  stakes,  1.20  m.  in 
length.  At  the  end  of  the 
berm  a  row  of  stakes  with 
fascine- work.  Tn  some  places 
a  layer  of  clay  plai cl 
under  the  layer  of  broken 
stone. 

Protf*  (e.l  liciL'Tit  0  70  m. 
Protected  surface  per  metre 
in  length  S  eqnare  aetrae. 


OoBt  per 
metre  in 
length. 


fl.  4^ 


fl.  S.4K> 

to 
fl.  2.90 


Iienuu-k%, 


zontal  planks  are  c$4 
because  the  bed  «a 
too  hard  for  the  y  li- 
eing  of  large  plants 
Where  the  bed  ailoi? 
of  it  vertical  pltnb 
0.75  m.  length  hi.Y 


The  protfction  wi? 
efferteil  in  T^HH  ani 
keupsi  in  good  conditi'^n. 
Only  the  Stone  has  htl 
to  be  remoyed  wnwi 
timfs,  and  the  lavt  ' 
filled  up.  wliich  shr-'j 
that  .'iome  sand  i^  I  t  ' 
between  or  under  tb^ 
piles. 

In  more  recent  worb 
of  this  type  pilw  of » 
length  of  2.50  m.  hiv< 


The  protection  wi 
eflteted  in  1689  aad 

keeps  in  good  oondition. 
Only  fhc  berm  hft'^tobr 
filled  in  now  and  then 
with  rubbish.  The  pilu 
an  oonsidnred  to  he 
too  short.  In  some 
places  the  berm  1  r-. 
wide  is  covered  witli 
withies  in  place  <d 
rabhiah.  Th«  kttsr. 
hownver,  will  not 
grow. 
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Nanber 
ftbePtBtA. 


South  Wlllensvaart 

in  the  provin*-**  of 
Brabant,  protection 
along  tiM  eolarged 
ctmJ,  Mctiou  be- 
tweeu  lucks  K***!  1 
and  6. 


Amsterdam-Merwede 
Canal  part  between 
Utrecht  and  Vrees- 
wgk. 


Natare  of 
the  ground 
in  which  the 
canal  is 

eicavated. 


Sand. 


Sand 
covered 
with  •  layer 
of  clay. 


DeaeripCioii  of  the 
bank  protection. 


Stone    talus   of  gTanite 

jN-lililcs  on  u  laypr  of  {^rit, 
and  two  tiat  layers  of 
pioces  of  rabbtflli  iHth  a 
sulniorged  benn  aa  in  Bgs. 

11  and  IS.  The  talus  is  sup- 

IKtrtrd  at  tin-  font  hy  a 
compact  row  of  pine  piles 
3  lu.  in  length. 


Layer  of  rubbish  !><»t\vteii 
two  rows  of  staliciv  tui  iiiing 
a  flat  bana  0.60  m.  wide. 

Abova  a  atmtnm  vf 
bricks. 

The  layer  of  rubbish  is 
tiuin>orted  at  the  foot  by  a 
cumpact  WW  of  pine  piles 
1.60  m.  in  leogUi. 

Proteoted  hnght  1  m. 


Cost  per 

netra 
in  length. 


fl.  4.78 


fl.  4.50 


fieouufks. 


The  prut,!'.,  t  ion  was 
effect eil  in  IS'.) 2  and 
1893  and  keeps  in  good 
OMidition.  Tfaa  longer 
]^lflB  are  need,  aa  the 
piles  of  the  other  types 
proved  to  be  too  short. 


The  protertioTi  was 
effected  in  the  years 
1885-im 
Throngh  the  washing 
away  of  the  slope 
under  the  row  of  piles 
there  i^  a  danger  of 
their  leaning  forward 
and  iUling  into  the 
canal.  Where  the  wash- 
ing away  has  been 
the  greatest  a  second 
TOW  of  piles  S  m. 
in  Imngth  haa  been 
placed  in  front  of  the 
first  row. 


II.  REVETMENTS. 


a.  Compact  rows  of  pUe$. 


PL  4, 
Fig.  14. 


in  the  proviaoe  <tf 
Jimborg. 


Sand 
alternated 
with  peat. 


Compact  row  of  pine  piles 
1.80  n.  in  lengtii  behind 

which  it  is  filled  in  with 
grit  between  two  rows  of 
bundles  of  withies.  Later, 
for  the  sapport  of  these 
pike,  aseeondrow  of  piles 
was  driven  in,  4  m.  in 
lent^th,  at  distances  of 
1.5U  ui.andjoinedby  atie. 


a.  ajo 

and  with 

a  second 
row  of 
piles. 
iU  6 


The  protection 
elbeted  in  the  years 

1881—1889.  Since  it 
appeared  that  in  front 
of  the  piles  the  bank 
washad  away  and  tha 
piles  threatened  to  iUl 
into  the  canal  tha 
second  row  of  piles 
driven  in  in  1891. 
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Mnmbw 

01  tm  JrlttiO. 

Canal. 

Natars  of  | 

the  protind  , 
in  which  the 
canal  is 
excavated. 

DeMcription  of  the 
liank  protflctioii. 

I 

Cost  per 

metre 
in  length. 

RemarkB 

by  this  inrans  the  lillingof 
grit  is  replaced  l>y  a  tilling 
of  peat,  covered  by  atltia 
layer  of  grit*  In  fnmt  of 
the  piles  a  heap  of  grit 

M.  5, 
Fig.  15. 

BllUMfl  Aa  in  tks 

province  of  Gronin- 

gen    from  Nieuwe- 
schans  to  the  l>ollard. 

Clay. 

Compact  row  of  ]N»e  piles 

2  25  m.  to  3  m.  long  on  u 
slope  of  I  in  6  joined  by 
a  belt  made  of  piles  cut  in 
two.  Behind  the  pilee  a 
heap  of  tnrf,  above  which 
grass  forming  a  flat  berm 
of  0.50  n. 

fl.  5 

1 

T\v    protection  in 
eflVrtpa  111  1«584— IM 
without      the  tui 
When  it  appeared  ik 
the  ground  wish 
away     between  tl 
scams  of  the  piles  t 
filling    of   turf  » 
added. 

Steamboats  do  a 
visit  this  canal. 

PL  6, 
Fig.  16. 

Canal  from  Gronin 
gen  to  LMiner  part 

from  Groningen  to 
t      called  the 
Hoendiep.  The  «amp 
system  is  also  adopted 
on  the  «ai»l  tnm 
Onmingen  to  Ulrnm 
near  Zontkamp. 

Clay  and 
Hwd  mixed 

in  some 
places  with 
peat. 

Compaet  row  ot  piue  pilt»< 
2.B0  m.  and  8  m.  in  length, 

with  a  slope  of  1  in  4, 
joined  by  a  btlt.  F.ohind 
the  piles  a  layer  of  riiMtish 
is  placed,  at  least  0.2;'i  ni. 
thick,  to  the  depth  where 
the  slope  in  front  of  the 
piles  is  washed  away. 

fl.  7.80 

T  he  proteetioa  hss  b« 
eflbcted  once  1882  si 

keeps  in  good  roc< 
tion.  If  the  ground 
front  of  the  piles 
further  wadted  am 
the  layer  of  mbU 
sinks  after  it  end  1 
to  bo  filled  in  &gi 
from  above.  In  a 
places  where  the  d« 
is  washed  away  te 
great  depth  the  ]n 
lean  over  Rnpporfi 
piles  are  then  yiw: 
at  distances  of  3  < 
or  andiofa  are  and 

Fl.  5, 
Pig.  17. 

Canal  from  Gronin- 
gai  to  Ltmar  part 

pnm    Strooboa  to 

fierben  alles  verlast 
in  the  province  of 
Friesland. 

Sand  mixed 
witk  a  littk 
day 

Compact  row  of  pine  piles 
3  m.  in  length,  boand  by 
a  bsltf  end  snppmied  1^ 

other  piles  of  4  m.,  placed 
at  distances  of  2  m.  All  the 
wood  ia  creosoted.  Behind 
the  piMi  a  filluig  of  raoDish. 

fl.  U 

The  protection  was 
ftetedin  1888  and  kM 
in  good  condition.  1 

^  supporting  piles  are 
jured  from  time  to  ti 
by  vessels  coming  ii 
collisioin  wiUi  thca. 

.1. 
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Xmbw 
vffltPkte. 


PI.  5, 
Fig.  itt. 


1%.  19. 


PJ.  G, 
Pig,  20. 


n.  6, 

Fig.  21. 


Weesper  Trekvaari 

iBbetwwn  the  Am^te! 
near  Amsterdam  aud 
DmnwlMiig  Mug  a 
]Nut  of  theoldiMTi* 

gable  way  from 
Amsterdam  to  the 
Khiae. 


Saitb  WillMwraaii 

fart  Iwtiraeii  tba 

Dieze  et  Bois-le-duc 
and  look  K«>  1. 


Nature  of 
the  groand 
in  wucb  the 

eanal  is 
«eavatod. 


DeacriptioD  of  the 

bank  protection. 


Compact  row  of  pine  pilaa 
l.'jn  m.  in  length  behind 
which  a  filling  of  rubbish 
oofand  tritb  atmiak 


Peat  mixed 
with  flay, 
j  and  withies, 
wood  tad 
robUah  ba- 
longing  tu 
old  protiT- 
tion  works. 


b.  Revetments  of  pka^tmg. 

Fine  Sand.  Fine  piles  i.50  m.  in  length 
at  dktanoea  of  1.60  m.; 
on  the  piles  ft  tie,  be> 

hind  which  a  row  of 
planks  dove-tailed  into  one 
another;  length  of  the 
planks  S  m. 

The  piles  and  planks  are 
placed  at  a  slope  of  1  in  10. 


laat  in  the  piwrinoe 
of  friflsland. 


Snd  with 
a  litUe 
clay. 


Row  of  planks  1.G0  m. 
long  placed  next  to  one 

another  joined  by  a  belt 
wliitb  is  stipportcdb}'  vlan- 
ting  piles  iJ.nO  m.  in 
length  placed  at  diutances 
of  2  m.  Wood  all  creoaoted 
pine. 


Wlllemsvaartin  Over-  S'aud,  on  '  Oaken  piles  2.50  m,  to  3  m. 
yssel,  from   Zwoile  .which  alayer|  long  at  distances  of  1.20  m., 


to  the  Yssel 
Kntervesir. 


near 


of  peat  0.25 
m.  to  1  m. 

thick,  and 
a  layer  of 
clay  of 
0.50  m. 


with  a  slope  of  1  in  10. 
Behind  the  piles  an  oaken 
plank,  Bgainet  whleh  a 

row  of  pine-wood  planks 
2  m.  in  leno;th  placed  next 
to  each  other  without 
futening. 


Cost  per 
metre 
in  length. 


fl.  3.90 


a.  28 


fl.  7 


fl.  18.d0, 


Remark* 


The  111  i  fi  ( t ion  wa.s  ef- 
fertud  ill  lS7f)  ami  doM 
not  keep  in  good  con* 
dition;  through  the 
waahing  away  of  the 
groiinil  in  front  of  the 
piles  thi'y  lL\m  forward 
iu  various  places. 


TheprotectiottWBseffte- 
ted  in  18G0-1864and 
has  kept  in  good  con- 
dition. In  some  places 
the  piles  have  lost 
their  snpport  by  the 
washing  away  of  the 
gronud  and  the  Mvet- 
ment  has  annkfbrward. 

The  protection  woe 
eActed  in  1889  and 

keeps  in  good  condition. 

Before  1889  the 
wood  was  not  creosoted, 
and  the  cost  was  fl.  4 
per  metre. 


The  pnitection  was 
effected  in  the  years 
1H74— 1877  and  has 
not  kept  in  good  con- 
dition. The  piles  and 
j'lanks  proved  too 
t.hort,  and  the  ground 
washed  away  throiii,^h 
the  seams  between 
planks.  In  some  places 
an  endeavour  has  been 
made  to  prevent  this 
bv  jiiacin^  behind  the 
planks  wooden  par- 
titions 1.90  m.  in 
height. 
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Niinibw 
of  OMFkto. 


PI.  6, 
Fig.  22. 


PI.  G. 
Fig.  2d. 


Canal. 


WittenNvaarL 


Meppelerdiep  from 
Moppel  to  Zwartdnis. 


PI.  7, 
Fig.  24. 


Naturu  of 
the  j^ronnd 
in  which  the 
am*]  ii 


DMisriptkni  «f  the 
bftiik 


The  same  Pine  piles  4.r»0  m.  in  length 
as  for  tig.  21.  i  at  diKtanreR  of   1.20  ui. 

at  a  slojie  of  1  in  10. 
Bdiiad  the  pilw  a  Mt  of 
pm«wood,  against  which 
a  row  of  planks  fitting 
into  one  another.  These 
are  3  m.  in  length.  Above 
kbe  ]nl«  and  agaiut  the 
front  of  them  planki  are 
fixed  aa  a  pfoteetion  against 
collidiou. 


Sand  cover- 
ed with  a 

layer  of 
peat  l.r»0  ra 
thick. 


North  Holland  canal 
from  Amsterdam  to 
Holder  part  from 
Z^pe  toKienwediep. 


Sand  in 
a  few  places 
contaiBing 

a  little 
elay. 


fine  pike  S.60  in.  orSm. 
in  length  at  dietaneee  of 

1  m.,  at  an  incline  of  ]4 
in  1.  Behind  the  piles 
wooden  partitions  made  of 
horizontal  and  perpendicu- 
lar planks  crossed  over 
eaeh  other,  with  the  under 
jKirt  rfarliinL'  to  1  m. 
or  1.40  m.  Iielow  the  water- 
level.  On  the  front  of  the 
piles  a  belt  is  apjdied. 
AU  is  of  pUte-wood,  and 
with  the  e.trcption  of  the 
lover  half  of  the  partition 
all  creoeoted.  Behind  the 
revetment  abermof  mslMB 
0.50  la.  wiile. 

^*)tiare  pine  piles,  called 
koiii'i  x ,  3.75  m.  in 
length  at  distancei  of 
0.75  m.  at  an  indine  of 
1  in  20.  Behind  the  piles 
a  belt  against  wliirh  a  row 
of  pUnks  2.25  m.  long. 
The  seams  between  tlie 
planlts  are  stopped  with 


Cost  per 
metre 
iin  length. 

fl.  17.75 
Without 

the  plauks 
against 
the  piles 

the  cot!t  is 
fl.  ia.25 


fl.  9.S0 


fl.  7 


Remartu. 


The  pmtfrtinrj  wm' 
effected  in  thf  yitn> 
1890—1893  and  kttjii 
in  good  condition.  Ttij 
slope  above  the  ren(-| 
ment  formed  of  gn». 
beds  at  an  ini-liae  ^f' 
in  1  cannot  witli-' 
stand  the  wnsh  ssAi 
is  in  some  plaoet  pro- 
vidcd  with  a  tslsi  «f 
brick. 


Tlie  proteetkm 
effected  1886 and  keepi 

in  good  condition.  On  J' 
at  high- water  levtl 
which  freqnently  ii| 
reached  the  slope  abet ij 
the  revetment  is  wrv| 
and  then  damaged,  j 


Th>'  proti'i'tirin  w»s 
effecte«l  1HH7  and  k«jii 
in  good  condition.  Bi^ 
ftre  that  year  the  sm 
eonstmction  was  ad«f> 
ted,  but  the  ]iil<--  vHi 
placed  at  distasc* 
of  1  m.,  and  tbi 
planks  WN«  8  o.  is 
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r 


Caoal. 


the  ^P'tuini 

in  which  the 
canal  » 
excavated. 


Dcacription  of  tho 

bank  protectioa. 


Cost  per 


in  tengtli. 


BemarkM. 


R  7.  North  Holland  Canal, 
ig.  part    bstvwn  tin 

WillemHluizen  near 

Amsterdam  and 
Schonw. 


Peat,  cover- 
ad  with  a 

layer  of 
clay  1  in. 
thick. 


planks  {teugeh).  Behind 

the  revttmoTit  a  hena 
covered  in  some  partn  with 


Square  pine  piles  (called 
jn/fen)f  5  m.  long  at 
dutencaa  of  0.80  n.  at 

an  incline  of  1  in  20. 
Behind  the  piles  n  plank 
against  which  a  ruw  of 
banvy  planka  8.S0  m.  or 
4J)0  B.  long,  tha  aeans 
covered  with  teutjeU.  In 
front  of  the  pile's  a  Wit. 
The  revetment  is  an- 
chored at  diataocea  of 
2.40  m.  witli  ironanelkon 
(ttckankers)  fastened  to 
piles  3  m.  long.  B<^'1itnd 
the  revetment  a  berm  of 
rashes  has  been  formed. 


11.  15.80 


langlh.  These  revet- 
ments made  in  1870— 
1876  now  lean  for- 
wnd  in  many  plaoaa 
through  the  pramre 
of  the  ground  as  the 
alopa  ia  waahed  avay. 

The  protection  nma 
•fliMtad  in  1861  and 

renewed  in  1R8R. 

This  t\'ji«  shows  that 
as  8O0U  as  the  deepen- 
ing of  the  slope  in 
front  of  tha  nrot* 
ment  increases  longar 
anchors  and  longer 
{olea  are  necessary. 


III.  MIXEO  TYPES. 

a.    Revetments  loith  strengthened  slopes. 


PI.  7,       North  Holland  Canal, 
%,  26.       part    between  the 
Willeanlniaen  near 
Amitordan  and 
Schonw. 


Peat,  ( over- 
ed  with  a 
layer  of 
clay  1  m. 
thick. 


Sqnarp  pine  ^iWs  {kolters) 
3.75  m.  loig  at  distances 
of  0.75  ni.  at  an  incline 
of  1  in  20.  Behind  the  piles 
a  plank,  against  wMi  h  a 
row  of  heavy  planks *2.f>()  m. 
long  the  scams  covered  by 
ttntgeiM.  The  revaitmettt 
ii  itrengtiiened  tt  dis- 
tances of  2.25  m.  with  iron 
anrhor*!  9  25  m.  long  to 
an  anchor   pile   of  oak. 


fl.  10.50 


The  protection  was 
effected  in  1880  and  has 
not  kept  in  good  Con- 
dition. The  woodwork 
whii'h  liashcfm  brouLjht 
to  more  than  0.1  r>  m. 
above  the  water-level 
is  liahle  to  decay 
and  will  soon  have 
to  be  renewed.  Th? 
stone  tains  sinks  in 
the  very  soft  ground, 


Woaxiu*. 
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Nunlwr 
of  tlw  Flat*. 


PI.  7, 
iig.  27. 


Gaoal. 


n  8, 


PI.  8 


North  Holland  Canal, 

partlrtwccii  Srhonw 
and  Westgraftd^k. 


Nature  of 
tilt-  Ljrtiund 
in  wbiich  the 
canal  in 
oxeavatod. 


Rbine-Sehie  canal, 
firom  tb«  Sehio  at 
Dolft  to  TlMffagne, 

and  to  the  canal 
railed  „de  Owde 
Kyn'  to  heiden. 


Sand,  on 
which  a 
layer  of  peat 
and  clay 
4n.t1uclL 


Fina  aand 

covered  with 
a  thin  layer 
of  clay. 


Clay  mixed 
alternately 
with  peat 
and  aand. 


Deaoriptiom  of  th« 
buk  protoctioii. 


Coet  per 
metro 
in  length. 


Behind  the  revetment  a 
filling  of  rnbbish  with  a 
coTering  of  granite  atonea. 


Square  pine  piles  (kollers) 
3.75  m.  long  at  distances 
of  0.70  m.  at  an  incline 
of  1  in  20.  Bohlad  tbepOea 
ft  flaak  against  which  a 
row  of  hnjivy  planks  2.50m. 
long,  the  seama  covered 
with  leugels. 

Wdod  the  levetaent 
a  layer  of  rabbish  on 
which  a  talus  of  granite 
stones:  forming  a  berm 
1..^  m.  wide. 

Sow  of  pine  pluloa  fit- 
ting into  each  other  2.75  m. 
lontf  bnnnd  by  an  oak 
belt.  At  distances  of 
3  IB.  the  rayotment  b 
anchoied  bgr  iron  anehon 
alternately  2.80  m.  and 
;t.20  ni.  long  to  an  am  hor 
pile  2.50  m.  long  with 
CTOM  pieeaa  of  pine  wood. 
Bebfnd  tbe  ravetnient  a 
luytT  if  rnhlnab  ia  laid 
1  m.  wide. 

Sqaare  pine  pilet>  {koUeri<) 
3JS0  m.  or  5  m.  long  at 
distances  of  1  m.  at  an 
incline  of  1  in  10.  Behind 
the  jMles  a  bolt,  against 
whn  ii  a  row  of  planks  fit- 
ting into  eneh  other  S  n. 
or  4  m.  in  length. 


iL  llJd 


A.  14.20 


fl.  13 
and 
11.  14 


Bemarks. 


and  it  is  now  beins; 
gradually  done  away 
with  and  repboed  by 
a  hem  of 


The  p^ot^ption  was 
effected  in  Itil^  and 
has  kept  in  lairlj  good 
eottdithw. 


The  protection  wrga 
effected  iu  18<.»2.  Where 
tbe  depth  in  front  of 
the  row  of  planka  ia 
more  than  1.50  bb. 
stone*  we  thrown  in. 
This  expense  is  not 
included  in  the  fig- 
ares  given. 


The  pirDteetio&  wns  of* 
ibcledinl390andl891. 

Where  ther*  is  a 
berm  to  the  revet- 
ment the  piles  and 
planka  an  dust  (3.50 
m.  and  2  m.)  nad 
where  tUa  it  not  tiie 
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Id 


oTtheFkte. 


Cuial. 


Nature  of 
the  ground 
in  which  the 
ckDsl  ii 


PI.  8, 
Rf  .  80. 


PL  8, 
t%.  81. 


canal,  part  from 
Utrecht  to  Vnei* 
yryk 


Saad  cover- 
ed with 

a  layer  «f 
clay. 


Anateniam-Merwede 
tuuA,  part  from 
Vtaaaii  to  Sohot- 
danrra  aearGorcnm. 


Clay 
and  p^t. 


Description  of  tha 

baok  prottictiun. 


Coat  per 


At  (Uataaces  of  3  m.  the 

pile*  are  scrmcd  bv  iron 
anchors  2  m.  or  ,'?m.  long 
fastened  to  a  pine  pile 
witii  ero8»-|rieoM. 

Abova  tha  ravatiDant  a 
stone  tains  made  of  basalt 
on  a  luyer  of  brokeo  stone, 
under  which  is  placM  a 
layer  of  olay. 

Pina  piles  {koUen)3J5m. 
long  at  diitanoea  of  0.70  m. 
at  an  iodine  of  1  in  10. 

Behind  the  pil«>!»  a  plank 
against  which  a  row  of 
heavy  planka 9.75  m.  long. 
Tba  nana  eovend  with 
teuijels.  Behind  the  re- 
vetment a  taloa  of  bro* 
keo  stone. 

9 

Pine  piles  l.tiO  m.  lonc^at 
distances  of  1  m.;  on 
tba  pikt  a  tJa  bahind 
which  a  row  ot  plaokt 

l,r)0  m.  Innp  and  fittine 
into  ca<  h  othi^r  Above  the 
revetment  a  talus  of 
bricks  on  two  even  layers 
of  iMmkan  atona. 


in  kngtb. 


fl.  11. 


a.  10. 


case  loagcr  (5  m.  and 
4  m.).  The  part  be- 
tween Delft  and  The 
Hague  was  opened  to 
navigation  for  steam- 
boats Hansb  1st  igM. 
Tha  caTiul  to  LNden 
is  not  yet  opan  to 
steamboata. 


The  protection  was 
cAetsd  in  tba  years 
1885—1890  and  keeps 
in  good  condition. 


The  i>i 'tt'dion  has 
been  laid  &;ii<:e  1S82 
and  keep  in  good  ron- 
ditioD.  Formerly  u  type 

W       iidojiti'd  ot  \vli;rli 

a  drawiug  is  given  at 
the  side  of  fig.  31.  Tba 
foot  of  the  talus  was 
here  formed  by  a  row 

of  pine  piles  2  m.  long, 
at  di.stances  of  1  ni. 
behind  which  a  plank 
m.  high.  The  cost 
of  this  type  is  fl.  4. 

The  proti'i  tiwri  ap- 
peared entirely  insuf- 
ficient as  the  ground 
waslied  awav  under  tha 
fdaitking.  Tnen  in  some 
]dai  cs  iii  avy  jMjrfM'n- 
iiicular  planks  were 
placed  behind  tbs 
planking. ' 


Digitized  by  Google 


Natora  of 

Cost  per 

Ninlwr 

Canal. 

the  ground 

Daaeriptbn  of  Ilia 

in  wkieh  the 

metre 

Hemarks, 

«f  tlM  Plata. 

canal  is 

bank  protaatioiii 

ezcavataiL 

in  leogtb. 

PL  9, 
Fig.  SSL 


PI  9, 
FJg.  33. 


PI.  9, 
Fig.  34. 


PI.  9, 

Fig.  S'l. 


Ganal  from  Oronia- 
gan  to  DeUa||L 


Oanaterdiep. 


Oanaterdiap. 


BiRnen  Aa. 
(Protiaee  of  Gro* 
niogan)   lear  tb« 
luck  named  Hiaawa 
Statansjil. 


Ughtclay.    Bov    of   planka  S  m. 

long  fltttngintoeaeli  othar 

at  an  incline  of  >i  in  1  fas- 
tened against  a  bdt  of  oak. 
On  this  a  brick  wall  built 
witlioni  mortar  and  oovacad 
on  the  top  with  manoiny 
at  an  inolina  of  }|  in  1. 


ditto. 


ditto 


Clay. 


Pine  pilea  H  m.  long,  at 
diatawsai  of  2  m.  at  an  in- 
dina  of      on  1.  Baliind 

the  piles  a  belt  of  oak 
against  which  a  row  of 
plankK  2  m.  long  fitting 
into  each  other. 

On  tlie  metnont  a 
wall  as  in  fig.  32. 

Compeit  row  of  jiine  piles 
2  m.  long  at  an  inclme  of 
IH  on  1.  fiahindihapilaa 
a  belt   and  a  row  of 

planl<K  n.r>0  III,  loni^. 

On  the  revetment  a 
wall  as  in  iig.  ^2. 


Pine  piles  5.25  m.  long  at 
diatanna  of  2  n.  at  an 
indina  of  K  on  1.  Ontba 
pi]«6  a  belt  of  pine  wood 
in  front  of  which  a 
row  of  planks  2.50  m. 
long.  On  tba  raratniant 
ia  pilad  a  wall  of  brieka 
without  mortar,  with  a 
layer  of  masonry  at  the  top 
with  a  slope  of  ^  on  1. 


fl.  7.40 


fl.  8 


fl.  8.30 


li.  31.66 


The  protection  waaof- 
fectadin  1878  and  keops 
in  vary  good  condition. 


The  protection  was  ef' 
fectadin  1888  and  keepa 
in  Taiy  good  condition. 


The  protection  was  ef- 
foetadin  1877  and  keepa 
in  vary  goodeonditaon. 
In  some  places  tke  row 
of  heavy  pknks  was 
only  applied  after  it  ap- 
peared that  the  grouud 
washed  away  between 
the  Mans  of  the  pOea. 

The  protection  was  ef- 
fected in  1884  and  keeps 
in  good  conditioiii. 

On  the  Binnaa  An 
there  is  no  atean&  iin>- 
vigation. 

It  was  necessary  here 
to  give  a  great  hnijfht 
to  the  wall  on  aooount 
of  the  great  variatioaa 
in  the  water-levels. 
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Number 
of  the  Plate. 

Canal. 

Nature  of 
the  ground 
in  which  the 

canal  is 
aieavated. 

Daoeriptioa  of  tlia 

bank  protection. 

Coat  per 
metre 
in  length. 

RemaHt*. 

PI.  9, 
Fig.  36. 

Canal  from  Gronin- 
gcR  to  Lemmer. 
Tart   ia  the  pro- 
▼inoo  of  Fmdaiid 
called  IMcMWIep. 

8aad. 

Oakan  piilaa  3  m.  long  at 

distances  of  1  m.  at  an 
inclinf!  f»f  in  1.  Behind 
the  piles  a  belt  of  oak 
againat  whfeh  a  row 
of  planka  S  m.  long. 
On  the  revetment  is  pi- 
M  a  brick  wall  without 
mortar,  with  a  slope  of 
K  ill  1  oovarad  with  a 
layer  of  tuamuj.  Behind 
tlM  trail  a  layer  of  tnrf. 

IL  9.10 

The    protection  waa 

effected  in  1884  and 
keeps  in  good  condi- 
tion. 

PI.  10^ 
Rg.  37, 

CaMlfhMi  Laeiiwir- 
4m  to  Harliapea. 

Sasd 

containing 
clay. 

A  coottpaet  row  of  pine 

piles  2  m.  long  fastened 
a;riii'>st  a  hi'U  iif  oak. 
The  caps  of  the  piles  are 
eawn  off  obliquely  and 
upon  tbem  ia  bnilt  a 
brick  wall  without  mortar 
with  a  slojje  of  in  1 
and  covered  with  a  layer 
of  masonry. 

11.  8 

The   protectioo  was 

effected  in  1893. 

The  canal  is  not 
yet  completed  in  its 
entlTa  length. 

PI.  10, 
Fig.  88. 

Drentsche  Hoofd- 
vaart,  eaoal  from 
llappd  to  Aaaea, 
tNurt  near  Havelte. 

Saoil. 

Open  piles  ni.  long 
at  distances  of  1  m.  with  a 
slope  of  K  in  1  upon  whieb 
a  tie  with  tbe  npper 
side  0.40  ui.  below  the 
level  of  the  canal.  Behind 
tbe  piles  a  belt  again.s-t 
wbicb  a  row  of  planks 
1  m.  long,  tbe  aaaoM  co- 
vered with  (mijels,  all 
of  p'"**  wood.  On  the 
tie  a  brick  wall  witb- 
ont  lima  at  an  inclina  of 
»/4  in  1. 

fl.  6.50 

The  profortion  was 
cfTcited  ui  18y2  and 
keeps  in  good  Condition. 

• 

PL  10, 
Fig.  SB. 

Dreotsche  Hoofdvaart,  i 
part  batwaao  Aana 
and  SaiUdfl. 

Sand  cover- 
ed ia  aoma 
plaoaairitli 
a  layer  of 

Oaken  piles  1.60  m.  long 
at  distances  of  2  m.,  on 
wbicb  a  triangular  belt 
creoaoted  pine  wood.  Be- 

ft.  4.60 

The  protection  was 
effected  in  the  years 
1888—1890  and  kaepa 
in  good  condition.  Tbe 
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Nomber 
of  th«  PUto. 


Canal. 


I'l.  1'), 


PI  10, 
Fig.  41. 


Orentsolit  MooMvaart, 

y  art  between  Assen 
ftoU  Saulde. 


Nature  of 
the  ground 
ia  which  the 
eanal  ia 
esicavatod. 


DeMriptioB  of  the 
bank  protactioD, 


peat  0.50  m. 
thick. 


Meppelerdiep, 
liitcra)  branch  near 
Meppel. 


Same  us 
fig.  89. 


Sand. 


hind  the  piles  a  pine  plank 
m.  high  to  keep  the 
earth  in  position. 

On  the  ti«  a  Inick 
vail  at  an  inclina  of  *{i 
in  1  without  mortar 
alwve  which  the  dope  is 
formed  with  turf. 

Oaken  piles  with  ties  as 
in  fig.  39.  Bphinrl  the 
pik«,  however,  is  placed  a 
bdt  agaioat  wbicb  a 
row  of  planki  1.S5  m. 
Hio  aeaiu  cotored  wifb 

trwjels. 

On  the  tie  a  wall  as 

in  fig.  39. 

Pine  piles  2.50  m.  long  at 
distances  of  1  m.  at  an 
incline  of  >^  in  1. 

On  tbo  pjlet  a  tio 
and  behind  the  piles  a 
plank  0.t?5  m.  liigii.  fur 
keeping  baik  the  earth. 
All  of  pine  wood. 

Od  tb«  tie  a  brick 
wall  bnilt  witboat  mortar 
at  an  incline  of  */4  in  1 
and  covered  with  a  layer 
of  amtixry. 

BeUad  the  wall  there  is 
a  kjer  of  earth  0 10  m. 
thick  and  above  the  wall 
the  slope  ii  formed  of 
turf. 

the  height  of  the  wall 
above  the  revetmeat  is 

1.40   m.   and    the  pro- 

tectetl  '-iirfare  per  metre  in 
length  1.75  tM^uare  metres. 


Cost  per 
metre  in 
l»gth. 


H.  6.70 


ft.  9.65 


RemarisM. 


piles  are,  however,  too 
short  and  th<«  pronnJ 
b^ns  to  wa^h  away 
under  the  planking.  It 
is  to  he  ftarsd  that 
the  protection  will  in 
timeproTe  insnffideot 


The  protertion  was 
effected  in  l«9(Hr  pla- 
cea  where  the  slope 
was  too  Ihr  washed 
away  to  keep  in  posi- 
tion with  one  single 
Iwrwontal  plank. 


The  protwtion  wa«  ef- 
fected in  1891  and  k^\*i  ■ 
in  good  condition.  In 
a  hw  places  the  wall 
has  been  damiged  by 
collisions. 

On  account  of  the 
great  width  of  the 
caaal  washing  ont  of 
the  slope  at  the  foot 
><f  tilt)  wail  ia  not  tv 
be  feared. 
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CONSIDERATION  OF  THE  SYSTEMS  ADOPTED. 

We  will  briefly  discuss  the  advantages  and  disadvantages  of  the  diflferent 
types  and  endeavour  to  draw  from  them  sowe  general  conclusions, 

Tn  thif?  di^'cnsmon  the  fad  comes  prominently  forward  that  the  ground 
in  which  Dutch  canals  are  excavated  is,  aluiost  withnut  i  xccption,  of  u 
loose  nature  and  liable  to  be  washed  away.  Nearly  all  canals  are  cut  in 
sand  which  is  sometimes  covered  with  a  layer  of  clay  or  peat.  A  few 
canals,  such  as  the  Damsterdit  p  and  the  Binnen  Aa  in  the  provinoe  of 
Gioningen,  are  dug  entizely  in  chiy,  and  in  otheFS)  such  as  the  North  Hol- 
land Osnal  and  Amsterdam— Mefwede  Ouial,the  bed  partly  oonnsts  of  peat 

Stoney  ground  is  only  found  in  the  neighbourhood  of 'Maastricht  cm  the 
south  Willemsvaart  and  the  Li6ge  canal. 

The  conclusions  which  may  be  deduced  from  the  examples  of  the  Dutch 
canals  apply  therefore  only  to  canals  in  loose  soil. 

We  have  already  seen  that  the  systems  adopted  may  be  brought  down 
to  a  few  principal  types.  These  are  however  not  particularly  distinct  from 
one  another ;  on  the  contrary  there  exist  intermediate  forms  vhioh  may  be 
conddered  as  belonging  as  well  to  one  type  as  to  the  other. 

Thus  the  stone  talus  formed  of  compact  piles  (PL  8  and  4,  figs  7—18) 
may  be  considered  as  a  revetment,  whUe  the  brick  walls  without  revet- 
ments and  with  an  incline  of  base  for  1  in  height  (Pi.  10,  figs.  39 
and  41)  might  also  be  regarded  as  a  stone  talus. 

8TREN6THENED  TALUS. 

These  are  built  without  a  wooden  foundation  (PI.  1  and  2  figs.  1—6) 
and  with  a  foundation  of  compact  piles  (PI.  3  and  4  figs.  7 — 13). 

The  material  used  for  the  .'^tone  talus  is  penerally  Relfian  stone,  which 
is  V)ruu^'ht  from  Vilvorde  and  Tournay,  or  from  the  neiglioourhood  of  Li%e. 

lu  some  places  broken  granite  is  used,  wliieh  is  ibund  in  the  district 
itself;  while  other  talus  are  made  of  bssalt  brought  from  the  quarries  on 
the  banks  of  the  Rhine.  Broken  stone  and  brick  from  brick>fielda  or 
from  demoliahed  buildings  are  used  to  a  very  large  extent 

The  pieces  of  brick  are  about  10  ctm.  x  10  ctm.  x  5  ctm. 

Under  the  layer  of  rubbish  is,  as  a  rule,  first  laid  an  even  layer  of  the 
largest  piece?. 

The  canals^  shown  in  Pi.  1  are  canals  for  sea-going  ships.  On  these 
canals  the  water  can  when  necessary  be  let  off  to  below  the  foot  of  tlie 
stone  talus.  On  the  canals  shown  in  PI.  1  on  iig.  2  the  proportion  between 
the  wet  section  of  the  canal  and  the  submerged  main  section  of  the 
steamboats  is  bo  large  that  no  resl  damage  to  the  stone  talus  by 
scouring  is  to  be  expected;  nevertheless  it  appears  firom  fig.  2,  that  a 
■inking  still  ocean  where  the  stones  are  not  supported  by  a  row  of  piles. 

On  the  Temeuien  (knal,  the  only  canal  that  is  regularly  navigated  by 
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sea-going  steamers  with  a  drauglit  of  5  in.,  it  ai>pe[\r8  that  the  stone 
talus,  which  extends  as  fur  as  2.20  in.  Uilow  the  usual  water-level,  sinks 
by  the  wafibing  away  of  the  tool  at  a  lowet  deptii. 

The  canals  shown  on  PL  2,  8  and  4  senre  for  inland  navigation.  The 
stone  talus  of  figs.  5»  6,  7,  8  and  9  reaches  0.40  m.  to  0.85  m.  below 
the  usual  water-level,  whereas,  on  figs.  4,  10,  11,  12  and  18  it  is  at 
the  most  not  more  than  0.20  m.  below  the  usual  water-level. 

It  is  worthy  of  TPtnark  tliat  the  bank  protection  on  tlie  Ainstenlam- 
Merwede  Canal  shown  in  figs.  7  and  8  \v;w  built  along  tlie  newly  excavated 
titctionH  of  the  canal  before  t!ie>e  were  filled  witli  water;  also  that  on 
the  South  Willemsvaart  (^figt*.  5  and  8 — 12)  the  water  can  be  let  otf. 

The  talus  of  fii^.  4,  5  and  6  is  not  provided  with  a  firm  fonmbrtion 
of  piles;  thus,  if  the  slope  below  the  stone  talus  be  attacked  by  the  canwit 
the  ground  under  the  talus  may  he  washed  away. 

A  deepening  at  the  foot  is  to  be  retnariced  in  all  of  the  types  presented 
on  n.  2. 

On  canals  of  the  type  of  fig.  4  it  has  been  already  found  necessary 

to  use  longer  piles. 

On  canals  of  the  type  of  fig.  6,  which  only  exista  since  1892  and  where  the 
proportions  of  the  sections  are  favourable,  no  sinking  has  as  yet  accurred. 

The  talus  shown  in  fig.  5  is  totally  destroyed  by  the  washing  away 
of  the  slope. 

It  thus  appears  that  if  the  stone  talus  be  not  built  to  a  very  great 
depth  b^w  the  usual  water-level,  it  is  neoessary  that  it  be  provided  with 
a  firm  foundation.  ' 

On  canals  of  the  types  shown  in  figs  7 — 13,  which  are  all  provided  with  a 
firm  foundation,  n  wasbiag  away  of  the  slope  along  the  row  of  piles  is 
everywhere  visible. 

The  dec|)ening  is  the  least  where  the  piles  are  placed  at  a  considerable 
depth  below  the  usual  water>level  (figs.  7  and  8);  where  their  tops  reach 
nearly  to  the  usual  water-level  the  deepening  is  very  oonsidmable  and 
may  become  the  cause  of  the  leaning  over  of  the  piles  and  the  entire 
work.  (Figs.  10,  11,  12  and  18). 

It  is  therefore  necessary  that  the  piles  be  of  a  sufficient  length.  In 
many  places  oak  or  pine  piles  are  used  of  a  length  of  1.60  m.  and  a 
diameter  of  about  0.10  m. 

These  piles  are  much  used  for  waterworks  in  the  ISetberlaads  and  are 
known  by  the  name  of  perkmnpalen. 

They  are  found,  however,  to  be  generally  too  short  to  serve  as  sup- 
ports for  the  talus. 

In  some  places  a  second  row  of  longer  piles  is  placed  in  ficont  of  these 
(fig.  13),  while  on  the  South  Willemsvaart  for  the  new  constructions  the 
length  of  the  piles  used  is  being  continually  increased,  and  now  piles  of 
3  m.  are  employed,  which  reach  to  below  the  bed  of  the  canal. 


Digitized  by  Google 


I 


25 

If,  however,  soeh  a  length  be  given  to  the  poles,  as  is  done  in  the 
SoQth  Willemsvaftrt,  we  may  say  that  the  accepted  type  is  the  revetment 
of  compact  piles,  and  that  the  stone  tains  type  has  been  abandoned. 

The  fact  that  the  talus  on  the  Amsterdam — Mirwede  Cana!  (figs.  7 
and  8)  with  its  foot  0.85  m.  below  the  water-level  has  hitherto  kept 
in  good  condition,  does  not  yet  prove  that  this  type  is  sufficient  for  its 
object,  as  bat  feir  yeazB  have  elapaed  dnce  the  canal  was  opened  for 
steaanboat  navigation. 

The  Btone  talus  offers  this  advantage  that  if  the  slope  on  which  it  is 
laid  sinks,  it  may  follow  the  new  incline  without  being  destroyed.  An 
example  of  this  is  given  by  the  Amsterdam — Merwede  Canal  between 
Amsterdam  and  Nigtevegl  2).  where  the  ground  i?  of  mch  a  peaty 
nature  and  poM^ea^es  so  little  cohesion  that  the  slope  has  sunk  without 
regard  to  the  intiuence  of  steamboats. 

REVETMENTS. 

A  glance  at  the  drawings  shows  us  that  the  most  generally  adopted 
type  of  bank  protection  in  the  Netherlands  is  revetment  in  one  form  or 

another. 

The  revetment  may  consist  of  a  compact  row  of  piles  (Pi.  4.  fig.  14  and 
PL  5  figs.  15—18,  while  the  types  already  mentioned,  figs.  10,  11  and  12, 
may  be  regarded  as  coming  under  the  same  head)  or  a  row  of  planks.  - 

The  upper  part  of  the  revetment  in  most  cases  agrees  with  the 
usual  water-level  or  is  raised  0.10  m.  or  0.20  m.  above  it. 

On  canals  of  some  types  the  slope  abovetherevetmentis  unprotected,  or 
only  provided  with  a  bed  of  rnsho<s  (Figs.  14 — 17  and  19— 2r>;)  on  others 
a  berm  is  placpcl,  protected  by  rubbish  or  stone  (Kig>».  18,  24,  25  and 
figs.  10,  11  and  12)  already  mentioned,  Itv  which  means  these  types 
approach  the  inixed  type  of  revt»tinents  with  strengthened  talus. 

From  the  tact  that  revetment  is  the  moat  frequently  adopted  means  of 
protection,  it  must  not  be  imme^tdy  inferred  that  this  type  isacknow- 
lodged  in  the  Netherlands  to  be  the  best 

From  the  canals  on  which  the  revetments  described  in  this  report 
are  adopted  (if  we  except  the  parts  of  the  South  Willemsvaart  above 
X<>.  1  lock  and  the  Drentsche  HooMvaart)  the  water  cannot  be  let  ofil  It 
y  therefore  a  necessity  that  a  revetment  be  made  for  these  canals; 
unlesf.  at  least  tor  the  construction  of  bank  protection,  the  canal  should 
be  pumped  dry  by  artificial  mean.s,  which  would  be  a  very  costly  proceeding. 

Revetments  have  been  used  for  years  by  navigation,  but  only  after  it 
became  evident  that  the  banks  snfFered  sonoas  injury  from  the  wash 
caused  by  steamboats. 

Only  on  the  Temeuien  Gsiisl,  on  which  the  water-level  can  be  reduced 
to  a  certain  degree  below  the  usnsl  level,  has  a  revetment  been  adopted 

WonMAir.  ^ 
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in  the  place  of  the  system  of  stone  talus  formerly  in  use ;  while  on  the 

South  Willomsvaart,  where  after  tlio  intone  t-iilus  built  previously  was 
found  to  l)e  unsatisfactory,  ii  stone  talut-  at  a  greater  depth  below  the 
water  level  could  have  been  easily  made,  of  late  years  a  system  has  been 
adopted  which  iu  reuiity  does  not  diifer  froui  the  revetment. 

In  coDfltracting  a  revetmeDt  attention  must  be  paid  to  the  fitujt  that 
the  part  of  the  wood  which  ie  not  ocmtiiraaUy  under  water  is  liable  to 
decay.  The  best  plan  would  therefore  be  to  place  the  wood  work  entirely 

beneath  the  lowest  water-level  of  tlie  canal;  this  is  of  course  not  always 
possible,  and  as  a  ruh'  the  upper  part  of  the  revetment  is  raised  a  few 
decimeters  above  the  lowest  level.  In  this  there  is  a  danger  to  the  dura- 
bility of  the  hank  protection  and  it  is  not  to  be  denied  that  the  renewal 
of  the  piles  or  planks  after  they  have  beotMme  to  a  cortain  height 
decayed,  would  lead  to  difficulties  or  necessitate  expensive  repairs. 

In  some  constructiona  an  attempt  has  been  made  to  counteract  this 
difficulty  by  permeating  the  wood  which  is  above  the  lowest  water-level 
with  creosote  oil,  in  order  to  preserve  it  from  decay.  (Wig^  17,  20,  23,  39 
and  40). 

Generally,  however,  this  is  not  done,  but  rather  an  endeavour  is  made 
to  place  the  woodwork  low  as  po«Rible,  the  consequence  of  which  is 
that  if  tiie  water-level  of  the  canal  varies  much,  the  l>erni  behind  the 
revetm^t  or  the  slope  above  will  have  to  be  protected  agdnst  the  effect 
of  the  wash  of  the  waves. 

On  some  canals  this  has  been  effected  by  planting  a  berm  with 
rushes  behind  the  revetment  (Figs.  23,  24  and  25).  On  others  the 
berm  has  been  covered  with  rubbish  or  stone  (figs.  26,  27)  or  there 
has  been  placed  on  the  revetments  a  stone  talug  (tl^,  18,  28 — 31)  or  a 
wall  (figs.  32—41)  by  which  is  obtained  the  mixed  type  III. 

Where  no  protection  is  adopted  (figs.  15 — 17  and  19  —  22)  it  is  evident 
that  the  slope  above  the  revetments  cannot  in  the  end  withstand  the 
effect  of  the  wash  caused  by  tiie  steamboats. 

What  immediately  attracts  attentioii  in  the  revetments  represented 
in  the  drawings  is  that  the  slope  in  ftwit  of  the  revetment  which  is  left 
entirely  unprotected  cannot  withstand  the  effect  of  the  stream  and  of  the 
wash  and  is  everywhere  to  some  depth  washed  away. 

The  soil  thus  loosened  finds  its  way  to  ihe  bottom  of  the  canal  and 
has  to  be  retuoved  by  means  of  dredging  in  order  to  maintain  the 
requisite  depth  for  ships. 

On  some  canals  such  as  the  North>HolIand  Canal  (figs.  25  and  26)  and 
the  canals  in  Chromngen  (fig.  16)  Uiis  deepening  in  firont  of  the  revet' 
ments  is  very  oonsiderable. 

On  the  NorUi-Holland  Canal  the  deepening  cannot  be  ascribed  exclu- 
sively to  the  efl^t  of  the  steamboats,  for,  as  we  have  seen  above,  the 
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ratio  between  the  section  oS  the  canal  and  the  main  eection  of  the  laigeat 

ve.'-seb  since  the  oaoal  has  been  visited  by  sea^going  steamera  has  been 

found  very  &vourable. 

The  ground  there  being  of  peat  and  having  very  little  cohesion  shows 
a  disposition  to  sink  away  to  the  middle  of  the  canal. 

On  the  canals  in  Groningen  on  Uie  contrary  (fig.  16)  where  this  ratio 
is  1  :  4  the  deepening  most  be  ascribed  exclusively  to  the  working  of 
the  steamboats. 

Althongh  the  deepening  in  fmai  of  the  revetments  on  other  cansJs  is  less 
considerable,  it  cannot  be  said  that  it  has  reached  its  limit  on  these  canals. 

The  deatrnctive  effect  of  the  stream  goes  on  continually  while,  since  the 
protection  lias  been  effected,  tlie  slope  washed  away  is  no  lonpor  filled  in 
with  soil  sinking  down  from  the  liiglier  part.  Moreover,  the  ratio  between 
the  wet  section  of  tha  canal  and  the  submerged  main  section  of  the  largest 
steamboats  visiting  the  canal  is  nut  so  unfavourable  that  if  the  steam- 
boats ware  in  reality  of  the  dimensicnM  admitted  by  the  regulations, 
gieatw  damage  to  the  slope  might  be  expected  in  the  fatnre. 

It  can  thns  not  be  said  that  the  washing  away  of  the  dope  will  not 
occur  at  a  greater  depth  than  is  xepresented  in  the  drawings.  It  is  as 
well  to  point  out  tiiat  in  the  newer  constructions  the  abort  planks  and 
piles  of  former  times  have  been  replaced  by  longer  ones,  which  shows 
that  the  limits  formerly  allowed  for  the  destructive  eflect  of  steamhoats 
have  been  exceeded.  If  it  be  desired  to  build  a  revetment  along  a  canal  with 
a  limited  profile,  prudence  demands  that  the  lower  part  of  it  be  brought 
below  the  bottom  of  the  canal  or  at  least  below  tfie  keels  of  the  steamers 
of  greatest  dxanght  that  will  navigate  the  canal. 

The  simplest  finrm  of  revetment  is  a  compact  row  of  piles.  The  more 
complicated  system  consists  in  a  row  of  planks  sa^^rted  by  piles  or  held 
fast  by  anchors  (fig.  28).  It  is  necessary  that  every  attention  be  pidd  to 
the  stability  of  the  conJ«truction. 

If  the  revetment  consists  only  of  piles  (figs.  14— K!,  IS  and  37)  these 
must  be  selected  of  such  length  that  they  will  not  lean  forward  after 
losing  their  support  from  the  slope  in  firont  ofthem  when  it  is  washed  away; 

They  mast)  therefore,  be  of  greater  length  than  the  depth  of  the  canal. 
MHiere  this  is  not  the  case  thore  is  danger  that  the  revetment  may  be 
destroyed  (figs.  14  and  18). 

The  stability  may  be  increased  by  giving  an  incline  to  the  piles  and 
this  Ih  done  in  most  capep.  The  incline  is  often  1  in  10;  it  may,  however, 
be  much  more  considerable,  as  in  fig.  16,  where  it  is  1  in  4  and  in  figs.  23, 
32 — 35,  where  it  is  1  in  2, 

If  a  row  of  planks  be  used,  these  are  supported  by  piles  which  are 
generally  placed  at  a  sharper  incline,  and  which,  for  the  reasons  given 
above,  must  reach  to  below  the  bottom  of  the  canaL 

Here  also  it  may  be  raauurked  that  the  piles  ot  the  older  ccnstractions 


Digitized  by  Google 


28 

appear  to  be  every  wliere  too  ahxati  aad  that  on  newer  tionBtmctions  longer 

pile?,  even  to  a  length  of  5  m ,  are  employed. 

Tlie  stability  of  the  revetment  is  sometimes  also  secured  hy  iron 
anchors  attached  to  piles  placed  farther  back  (fij^s.  25,  26.  2^  anrl  29); 
in  this  case  care  must  be  taken  that  the  anchor-piles  are  placed  outeide 
the  prism  of  the  shifting  of  the  ground. 

Andiofed  ieTetm«it8  mnet  be  regarded  as  the  best;  they  are  however 
dearer*  and  therefore  lees  expennye  conetnictiona  are  often  adopted. 

An  important  point  to  be  attended  to  in  the  formation  of  an  revetment 
is  that  it  should  be  wat«r-tight. 

When  the  wall  is  not  compact,  the  sand  behind  the  revetment  is  drawn 
out  by  the  efiect  of  the  stream  and  the  wash,  and  a  sinking  of  the  slope 
behind  the  revetment  ensues. 

Wlu  re  the  revetment  consists  ot  piles  placed  next  to  one  another  and 
driven  in  with  the  bark  still  on,  there  can  be  no  question  of  perfect 
water-tightnees.  Endeavours  have  been  made  to  prevent  the  washing  away 
of  the  sand  on  these  oonstractions,  by  placing  behind  the  piles  a  layer 
of  gravel  (fig.  14)«  peat  (figs.  14  and  Id)  or  broken  stone  (figs.  16,  17 
and  18).  The  application  of  a  layer  of  broken  stone  gives  good  results. 

If  the  depth  in  front  of  the  piles  increases  and  the  ground  behind  the 
piles  is  waFihed  away  to  n  prreater  depth,  the  layer  of  broken  stone  sinks  in 
and  has  to  be  tilled  up  Mgain  from  above. 

The  rows  of  piles  along  the  South  Willemsvaart  have  the  seauis  between 
the  piles  filled  in  with  stakes  (figs.  10,  11  and  12);  and  on  the  Dauister- 
diep  (fig.  34)  a  row  of  planks  has  sinee  been  placed  behind  the  pilee. 

It  IS,  however,  evident  that  a  perfiMstly  water-tight  revetment  is  not 
obtained  in  this  way. 

It  can  only  be  done  by  employing  a  row  of  planks,  and  this  plan  is 
also  penerally  adopted. 

When  it  is  desired  that  the  plunks  lit  close,  thev  are  inadp  with 
grtx>ves  (tigs.  <^2  and  33)  or  otherwise  planks  of  a  lesser  width  called 
UugeU  are  placed  behind  the  seams,  (figs.  24,  25  and  20). 

On  file  constructions  tdiown  in  fig.  23  partitions  are  applied  consisting  of 
horixontsl  and  perpendieolar  plwiiks  placed  over  one  anoti&er,  which  is  equally 
effectoal  as  regards  water-tii^tnesB.  On  only  a  few  constrvictionB  (figs.  20« 
21,  35  and  36)  are  the  seams  not  provided  with  planks;  these  do  not 
therefore  form  a  perfectly  compact  wall. 

MIXED  CONSTRUCTIONS. 

We  have  seen  that  it  is  not  desirable  to  bring  the  upper  part  of  the 
revetment  hig^  than  the  lowest  wator-ievel  of  the  canal;  the  banks 
above,  therefor^  as  a  rule  also  require  protection,  and  so  we  come  to 
the  mixed  oonstmetions  shown  in  Plates  8,  9  and  10,  while,  like* 
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wise,  the  figs.  10,  11  and  12  of  Plate  4  may  be  ooneidered  as  belonging 
to  this  typo.  On  some  GonstruetionB  the  banks  behind  the  revetment 
are  protected  with  a  stone  talua  of  Belgian  stone,  brick  or  mbbish  (fign. 
11,  12,  28,  29,  30  and  31);  on  olhers  the  banks  are  given  a  steeper  in- 
cline and  a  brick  wall  is  applied. 

Both  types  are  fritisfactory  iind  it  compnrnttvply  of  inttTcst 
it")  exaniinc  to  which  ty])C'  the  preference  iiui^t  hi-  ^iven,  as  the  essential 
part  of  the  bank  protection  ia  formed  l)v  the  rovctinent. 

It  must  however  be  remarked  that  in  reality  perpendicular  vvallis  are 
not  met  with  in  the  Netherlands. 

The  steepest  slope  above  water  is  an  1  (figs.  82  and  86)  while  the 
other  walls  have  a  slope  of  on  1.  On  account  of  this  slight  incline,  it 
is  not  necessary  that  the  walls  be  of  great  dimensions  to  enable  them  to 
withstand  the  pressure  of  the  ground  j  the  more  so,  as  their  height  as  a 
rule  is  not  more  thnn  O.no  m. 

The  thicknpf-a  of  the  wall  is  never  niorc  than  0.22  m,  being  the 
length  af  one  brick.  No  masonry  work  is  \ised,  the  stones  boin^  piled 
on  one  another  without  mortar;  with  tjome  constructions  however  the 
top  of  the  wall  is  finished  off  with  a  layer  of  masonry. 

It  is  seen  fimm  the  drawings  in  figs.  85  and  41,  that  walls  of  a  greater 
height  can  also  be  made  in  this  way. 

It  appears  firom  the  above  that  these  cannot  be  spok^  of  as  revetments 
I  r  T  1  rly  so  called  and  that  these  constructions  may  just  as  well  be  regarded 
as  belonging  to  the  type  of  stone  slopes  of  the  brick  talus  type. 

For  the  purpose  of  proventintr  the  sand  from  washinfr  away  throuirh  the 
openings  between  the  stoned,  some  constructions  have  a  layer  of  peat  (fig. 
36);  others  a  layer  of  earth  or  clay  (fig.  41)  behind  the  stones. 

Finally,  there  are  a  few  constructions  which  are  represented  on 
PL  10,  figs.  39  and  41.  They  axe  walls  at  an  incline  of  h  which 

are  not  provided  with  an  revetment,  and  may  thus  be  reguded  as 
belongmg  to  the  stone  tains  type  without  firm  foundation. 

The  type  shown  in  fig.  89,  in  which  only  one  single  plank  is  applied 
to  keep  bark  the  earth,  is  not  to  be  recommended.  It  appears  that  the 
ground  l)ehind  the  piles  is  btpinning  to  wash  away  and  it  is  probable 
that  later  on  planks  will  have  to  be  brought  into  requisition. 

With  the  constructions  shown  in  fig.  41  there  exists  less  danger  of  the 
washing  away  of  the  bank  on  account  of  the  greater  width  of  the  canal. 

We  have  already  sud  that  it  is  desirable  to  bring  the  wood  of  the 
revetment  to  such  a  dq>th  under  water  that  it  cannot  rot  and  that 
thus  the  revetment  will  not  require  repairing  later  cm.  On  a  few  canals 
this  can  be  effected  by  lowering  the  level  of  the  water  during  the  exeeU' 
tion  of  the  work. 

At  the  execution  of  the  construction?  presented  in  figs.  88—41  this 
result  was  obtained  by  meftas  of  small  dams  at  equal  distances  from  the 
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centre  r)f  the  canal,  behind  which  the  water-level  can  be  lowered  0.20  m. 

to  0.40  lu. 

The  expense  of  thiB  dumming  is  included  in  the  prices  quoted  and 
amounto  on  an  average  to  not  more  than  SO  cents  per  mebre. 

COST  OF  SYSTEMS  ADOPTED. 

The  ftgiires  quoted  for  the  ooet  of  the  systems  adopted  must  not 
be  negarded  as  Wuvj  absolutely  cornet^  as  local  circumetanceB  may  have 
exerciftod  a  great  iniluence  in  the  mmo  of  the  expense. 

Still,  from  these  figures  some  comparison  may  be  made  between  the 
cost  of  the  different  types. 

The  stone  talus  adopted  on  the  sea- water  canals  (figs.  1,2  and  3)  <x)sts  from 
fl.  13  to  fl.  19  per  metm  in  length ;  or  from  fl.  2.42  to  fl.  8.30  per  equare 
metre  of  protected  anrftoe. 

These  piotectionB  reach  to  a  depth  of  1.20  m.  to  2.20  m.  below  the 
nsnal  water-level. 

The  revetment  applied  on  the  sea- water  canals  (figs.  25  to  28)  of  which 
the  plank5^  roach  to  a  depth  of  2.30  m.  to  2. (JO  m.  be  low  the  usual 
water-levt  l.  co-st  from  fl.  lO.'A)  to  11.  1 1.20  ]>cr  metre  in  length. 

The  revetment  (fig.  25)  of  which  the  planks  reach  to  a  depth  of4.H0m. 
below  the  usual  water-level  cost  fl.  15.80  per  metre  in  length. 

The  revetments,  even  thoee  which  reach  nearly  to  the  bottom  of  the 
canal,  appear  thus  on  these  canals  to  be  aa  a  role  no  dearer  than  the 
atone  talna. 

The  stone  slopes  along  the  inland  navigation  canals,  which  are 
provided  with  a  solid  foundation  at  a  depth  of  0.85  m.  below  the  usual 
water-level  (figs.  7  and  8)  cost  fl.  5.70  to  fl.  6.50  per  metre  in  length  or 
fl.  1.68  per  square  metre  of  protected  snrfaee. 

The  revetment  along  the  inland  canals  consisting  of  a  compact  row  of 
piles  3  m.  in  length,  which,  therefore  reaches  below  the  bottom  of  the 
canal  (figs.  15  and  16)  coet  fl.  6  to  fl.  7.80  per  me^  in  length. 

Where  the  woodwork  ia  protected  aipunet  decay  by  bnng  cxeowted 
(fig.  17)  the  cost  was  fl.  14,  or  nearly  donbled.  The  revetment  with 
planks  1.60  m.  to  3  m.  long  and  reaching  not  quite  to  the  bottom  of 
the  canal  (figs.  20—22)  cost  from  fl.  7  to  fl.  18.26. 

The  revetment  with  planks  1.50  m.  to  2.75  m.  in  lenjrth,  above 
which  the  bank  is  provided  with  a  stone  talus,  (iigs.  29 — 31)  cost  11.  10 
to  fl.  13  per  metro  in  length. 

The  revetment  on.  the  South  Willemsvaart  consisting  of  a  compact 
row  dt  piles  2  m.  to  3  m.  in  length,  above  a  stone  tains  (figs.  1<X— 12) 
ooat  fnm  fl.  2.90  to  fl.  4.88. 

The  revetments  with  piles  and  planks  2  m.  in  length,  above  which  a 
wall  of  brick  is  built  (figs.  32,  38,  84,  36  and  37),  coet  from  fl.  7.40  to 
fl.  9.10  per  metre  in  length. 
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A  similar  eort  of  re\  etnietit  with  pbinks  1  m.  in  length  (fige.  88 — 10) 
006t  H.  6.60  per  metre  in  length. 

The  type  last  referred  to,  which  keeps  in  good  condition,  appears  to 
cost  about  fl.  3  \(^?  than  revetments  of  the  Hame  kogth  above  which  a 
stone  talus  of  a  h  sser  incline  has  b^cn  placed. 

The  protections  on  the  South  Willemsvaart  conbieting  of  a  compact  row 
of  pilM  with  a  stone  tahis  up  to  the  present  has  kept  in  good  condition, 
but  offers  nevertheless  less  seenrity  against  the  washing  away  of  the 
ground  behind  than  the  planking  systems  do  and  is  the  cheapest  of  all 
tiie  systems  described. 

CONCLUSIONS. 

Notwithstanding  that  it  is  apparent  from  wliat  has  U;en  said  above, 
that  we  ate  still  in  the  experimental  stage  in  re^rd  to  the  protection 
of  canal  banks  and  that  we  mnst  for  this  reason  be  careful  before 
drawing  at  ^oesent  any  definite  oondnmons,  it  will  stiU  be  useful 
to  reconsider  what  experience  has  already  taught  us  concerning  the  two 
principal  systems,  vis.  the  protection  of  tho  original  talne,  or  the  building 
of  new  and  Ptfey>pr  wall;*. 

Whon  thi-  formation  of  a  Itank  proloetioii  "tilontr  a  cnnal  has  been 
retsolved  upon,  a  choice  has  to  be  iiiade  b(>twt  i  ii  thr  Uvt)  ]>riucipal  systems 
and  a  decision  arrived  at  im  to  which  is)  the  more  wi»rthy  of  preference. 

jBVulhsir,  it  has  to  be  considered  to  what  depth  below  and  what  hei^^t 
above  the  usoid  water-level  the  protection  of  the  canal  shall  be  carried. 

11  the  banks  of  an  eadsting  canal,  of  whidi  the  water-level  cannot  be 
considerably  lowned  (as  ie  the  case  on  moet  of  the  canals  in  the  Nether- 
lands) have  to  be  protected  we  are  naturally  led  to  the  revetment  of 
the  slope  below  water.  What  is  done  above  water,  whether  it  be  a  steep 
wall  or  a  slope,  is  of  less;  consequence,  at)  the  principal  part  of  the  con- 
struction is  formed  by  the  revetment. 

On  an  existing  canal  from  which  the  water  can  be  let  oil  tlie  choice  is 
left  open;  and  h^  the  preference  will  also  have  to  be  given  to  a 
revetment,  unless  the  width  of  the  canal  is  very  wide  in  proportion 
to  the  vessds  expected  to  navigate  il 

The  existing  canals  are,  as  a  rule,  enclosed  between  roads  or  cultivated 
land,  so  that  a  widening  of  the  surface  of  the  water  is  not  poi^sihle,  or 
*  it  would  necespitate  p:reat  expense  for  the  purchase  of  land.  ]',y  mean? 
of  a  revetment  the  oppc.irtunity  i.s  presented  of  at  once  enlargins^  Ui  its 
maximum  the  width  of  the  butt^»in  of  the  cauiil,  by  which  at  the  same  time 
great  facilities  are  uilorded  to  navigation  aiid  the  ratio  between  the  wet 
section  of  the  canal  and  the  sabmerged  main  section  of  the  vessels  k  increased. 

In  case  it  dumld  not  be  desuwtble  to  bring  the  bottom  of  the  canal  to 
its  maximum  widtii  the  opportunity  remains  of  doing  this  later  without 
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injury  io  the  banks,  which  would  i)c  impossibie  il"  the  original  slope 
under  water  had  been  covered  with  stone. 

It  iB  only  neoeaHUfy  to  see  in  the  first  place  that  tiie  jnlea  and 
plankB  of  the  leTetment  are  of  sufficient  length,  which  can  be  effected 
without  incuiring  very  great  ezpenaes. 

Only  on  canals  for  the  Rervice  of  8ea<going  vcs^ls,  to  which  a  depth 
of  6  m.  to  8  m.  must  be  given,  is  any  considerable  expense  incurred  in 
|troviding  their  });inks  with  a  revetment,  of  which  the  planks  and  piles 
u*ach.  to  below  the  bottom  of  the  canal. 

On  these  canals  it  is  preferable  to  endeavour  to  lessen  the  damaging 
effect  of  the  steamboata  on  the  banks  by  giving  the  canal  as  much 
width  as  is  possible. 

The  oonstruction  of  an  revetment  for  strengthening  the  banks  of  an 
existing  canal  has  however  this  advantage^  that  it  can  be  done  witiiout 
the  wftt»-level  being  lowered  to  any  extmt^  and  therefore  withont  hin- 
dmnce  to  navigation. 

If  at  the  time  of  cnttirifr  n  nnw  cnnal,  it  be  desired  to  strengthen  the 
banks,  lhr>  chDicc  of  iticaiiR  Ix^romr?  a  little  more  dift'icult. 

The  fact  then  has  be  corisidered  that  with  one  and  the  same  width 
of  the  ground  a  larger  wet  section  can  be  obtained  if  steep  walls  be 
adopted.  If,  therefinre,  the  land  through  which  the  canal  is  cut  be  dear, 
it  will  be  in  any  case  advantageous  to  choose  the  revetment  system. 

In  i\w  sf  ( Olid  place,  in  selecting  the  type  to  be  adopted,  it  must  be 
considered  to  what  depUi  the  protection  will  have  to  extend. 

Therefore  it  is  necessary  to  know  to  what  depth  the  workini;  of  the 
stream  will  be  felt  on  the  banks  if  a  canal  is  naviv;attd  by  steamere 
of  the  largest  admissible  dimensions  at  the  greatest  adniiesiblo  speed. 
As  already  said  above  no  complete  observations  concerning  this  point 
have  been  recorded  and  an  exact  figure  cannot  be  named. 

From  the  examples  given  of  Dutch  canals  which  have  never  been 
navigated  by  steamboats  of  the  maximum  dimensions  it  can  however  be 
infomd  that  the  depth  at  which  the  eflect  of  the  steamboats  is  felt  is 
ver\'  considerable,  and  that  so  long  as  no  more  exact  figures  are  known 
it  would  be  actinp  very  imprudently  if  the  stronthening  of  the  banks 
of  canals  of  limited  dimeriHioiis  was  not  brought  down  to  below  the 
bottom  of  the  steamboats  of  deepest  draught,  and  thus  generally  to  the 
bottom  of  the  canal. 

If  the  revetment  system  be  selected  there  is  no  great  difficulty  in  * 
going  to  this  depth. 

All  that  is  required  is  that  piles  and  planks  of  sufiicient  length  be 
used,  which  incurs  only  a  limited  increase  of  expmse.  If  however  a 
strenpthenin^j;  of  the  original  banks  of  the  canal  by  means  or  a  stone 
taliiK  at  an  incline  nf  2  on  1  he  chr»scn.  and  it  is  dosirod  to  continue 
the  strengthening  to  the  bottom  of  the  canal,  two  difficulties  arise. 
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In  the  first  place,  the  expense  tnereaees  for  every  deiHmetre  deeper  that 
we  go  in  the  ratio  of  1  :  i/~Sj'  and  is  thus  much  more  otmsiderable 
than  for  a  revetment;  and,  in  the  second  place,  It  is  imposnble  aftra 

the  stone  talus  ib  once  established  give  afterwards  to  the  canal  a  greater 
depth  or  width  at  bottom  w  ithout  breaking  up  or  renewing  the  entire  work. 

If,  thcrt't'ore,  the  possihilitv  of  Inter  on  enlaigmg  the  canal  is  neoeeaaty, 
the  rt'vettnetit  system  must  be  chosen. 

If  it  be  <j4jrUiin  that  the  accepted  prolUe  of  the  canal  will  in  the  future 
be  always  sufficient  and  that  no  enlarging  will  ever  be  nec«^ary,  then 
like  dioiee  between  a  strengttimed  talus  and  a  revetment  is  merely  a 
question  of  expense. 

A  stone  talus  reaching  nearly  to  the  bottom  of  the  canal  is  generally  dearer 
than  a  revetment,  as  may  be  gathered  from  the  examples  of  the  Dutch  canals. 

P>ut  the  ^^t^eIlg^thened  bankt)  off(*r  this  advantage  that  thp  banks  of 
the  eanui  reniaiii  uiu  lianged  and  that  no  filling  up  of  the  bottom  by 
soil  washed  away  from  the  banks  is  to  be  feared. 

We  have  also  the  choice  of  a  mixed  type  by  finishing  off  the  banks 
where  absy  are  strengthened  with  a  stone  talus  at  a  certain  distance 
below  the  water-level  with  a  solid  wooden  foundation. 

It  is  necessary  to  see  that  ^  fbundation  is  compact^  and  if  the  bed  under 
the  foundation  is  eventually  washed  away,  to  take  care  that  the  latter 
and  with  it  the  entire  stone  talu^^  does  not  sink. 

If  these  condititjnB  be  not  fully  complied  with  by  mnkinp^  the  piles 
and  planks  to  reach  l»elow  the  bed  of  the  canal,  the  construction 
may  lead  to  great  diiUculties,  as  the  restoration  of  the  sunken  bank  would 
be  very  expensive  and  not  posrible  unless  the  water  be  let  off. 

These  mixed  types  have  been  found  so  iut  very  satisfiMtory  on  the 
Dutch  canals. 

If  a  revetment  is  once  employed  as  support  to  the  stone  talus  there 
is  no  reason  why  the  former  should  not  be  made  to  readi  to  a  little 
Itelow  tile  lowest  water-level,  in  which  case  we  again  come  nearer  to  the 
pure  type  of  revetment. 

So,  as  we  have  already  said,  the  revetment  if  it  is  to  be  lasting 
must  be  so  laid  that  it  is  always  covered  with  water.  The  slope  above 
the  embankment  must  howev^  in  some  way  or  other  be  protected 
against  the  effect  of  the  wash  of  the  watw.  The  material  used  for  this 
purpose  is  stone  in  the  form  of  uther  a  stone  talus  of  a  more  or  less 
steep  wall. 

On  canals  where  the  water  level  does  not  var>'  much,  the  question 
whether  a  talus  or  wall  should  bp  made  above  the  revetment  is  of 
<>omparatively  .small  importance,  as  it  is  only  necessary  to  give  an 
inconsiderable  height  to  the  protective  works  and  the  dilTorence  in  the 
cost  is  thus  v»y  smalL 

Local  circumstances  will  here  in  most  cases  decide  tiie  question; 
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still  iliv  point  Hhmilii  not  be  lost  •'i^ht  of  that  on  canal?  with  steep 
walls  it  iss  more  diliicult  to  reach  the  water  from  the  bunks. 

On  eanalB  wheve  fhe  «al«r46vel  varies  lexy  much,  the  pioiectied  lilcpe 
above  the  rovetmrat»  wbicli  k  below  the  lowest  water-levdi  must  have 
a  consideiable  heights 

In  this  cuine  an  almost  perpendicular  wall  wOQld  have  to  be  cvf 
great  width  in  order  to  offer  resistance  to  the  pressure  of  the  ground, 
and  the  cnntrnrtion  of  a  stose  talus  on  the  natuzal  slope  would  as  a  rale 
be  clivupi T  and  better. 

It  should  be  remarked  that  on  the  Dutch  canals  there  are  no  per- 
pendicular walls  placed  above  revetments.  The  steepest  slope  there  is 
still  Vs  '^^  1  on  canals  which  axe  eat  in  day  soil*  For  those 

in  sandy  soil  an  incline  of  */«  on  1  is  gjiven  to  the  walL 

We  have  still  to  consider  to  what  heij^t  the  strengthening  of  the 
banks  must  be  effected. 

On  canals  with  a  fixed  water-level  we  must  examine  to  what  height 
the  wave.<<  canped  by  the  steamboats  rise  and  the  protection  must  be 
carried  above  thiis  height. 

If  the  high  water  level  on  a  caual  only  lasts  a  few  days,  it  will  not  be 
necessary  to  make  the  proteetionctf  the  hank  reach  above  this  highest  level. 

It  will  genecally  be  suflBoient  if  the  protective  works  bebronghtsohigh 
that  it  reaches  above  the  wash  of  the  waves  caused  by  the  steamboats 
at  the  usual  highwater  level. 

On  the  Dutch  canals  these  works  reach  as  a  rule  0.40  m  to  0.60  m. 
above  the  usual  water-level  and  0.15  m.  to  0.30  m.  above  the  highest 
water-level. 

It  is,  however,  in  most  cases  of  secondary  consideration  to  determine 
beforchantl  to  what  height  above  the  water-level  the  protection  must 
reach,  as  it  will  be  little  trouble  to  make  the  constracticm  higher,  whether 
it  is  a  stone  talus  or  a  steep  wall,  if  it  should  appear  that  the  height 
first  determined  on  be  insnfficienl 

April  IHiH. 

XransUted  by  0.  J.  Rowlamo. 
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CHAPTER  L 

General  Considerations. 

Definition  of  tiie  Plant  of  Ports. 

The  plant  of  inlaxid  na^rigation  ports  compnaes  all  the  different  services 
and  applianoes  used  in  its  working,  ezoept  sudi  as  form  integral  parts  of 
the  ways  and  oommnnioationsL 

Public  and  Private  Plant. 

The  plant  of  a  port  may  belong  to  two  distinct  categories:  it  may  be 

pul)lic  or  private. 

It  18  Bald  to  be  public  when  the  pubhc  have  at  a  fixed  rate  a  perfect 
and  inalienable  right  of  use  of  it  under  certain  determined  conditions, 
no  matter  who  is  the  owner,  whether  the  sUt^  the  town,  a  company 
or  a  private  individiial. 

It  is  private  when  it  is  put  up  for  private  use,  whether  on  privately 
owned  sites,  or  on  the  premises  belonging  to  the  public  navif^ble  water- 
way with  the  requisite  special  authorisalion. 

In  certain  circumstances  private  i)laiit  may,  by  an  nndfirstanding  with 
a  third  party,  reader  the  service  of  public  apparatus,  but  it  is  evident 
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that  this  would  not  give  it  a  public  character  in  the  precise  and  definite 
sense  attached  to  this  word. 

C*ivayiMft  ftf  Psmmomv      ^  Goods. 

Navipihle  waterways  may  serve  for  the  cuaveyance  of  ^Mssengers  as 
well  as  for  merchandise. 

For  passengers  special  aoocnnodfttioii  in  ports  is  necessary;  but  this 
conoerns  rather  the  waterways  than  the  ports  properl)-  so  called,  and  will 
not  here  be  treated  of.  It  ie  with  the  accomodatioQ  and  applianoea 
for  workif^;  the  goods  traffic  and  carrying  trade  that  we  shall  occapy 
oaiselves. 

WiMt  00Mtitite»  the  plant  of  a  port 

A  port  must  in  itself  and  by  its  existence  offer  oertsan  aooomodatioa 
to  and  form  an  integral  part  of  the  navigable  waterway ;  it  completes 
the  channel  of  transit  phiced  at  the  convenience  of  the  public.  The 

flocomodation  includes  docks,  wharfs  and  quays  and  their  moveable  and 
immoveable  accessorieB  pnrh  as  connectin^j  lines  of  rail,  quay  space, 
moorinj^  and  the  various  convenicncts  and  adaptations  for  handling 
trafiic.  AH  these  were  discUHaed  and  treated  of  at  the  Manchester  and 
at  the  Paris  Congressee,  but  the  plant  falls  under  a  distinct  and  separate 
head  and  should  not  be  confounded  with  them. 

The  plant  indndea  all  mechanism,  material  and  servioes  organised  in 
view  of  a  rational  and  effective  use  of  the  port  itself. 

To  roughly  define  without  strict  limitations  we  mention  the  following 
as  being  the  ])rincipal  elements  which  constitute  the  plant. 

1.  The  lin<'^f  of  mil  specially  laid  to  bring  or  take  cargo  to  or  from 
the  port  lormmg  its  connecting  link  with  inland  railway  systems,  or  with 
private  or  other  workshops,  yards  and  foctories. 

2l  The  sheds  and  warehouses,  whether  built  on  the  open  spaces  or  on 
the  quays  for  the  temporary  stonge  of  goods,  warehousing  or  sortai^  and 
repacking,  transit  and  forwarding  or  where  they  lemMa  while  awuting 
to  he  bonded  (1). 

8.  The  apparatuH  and  a]ipliance8  of  every  kind  for  the  easy  and 
expeditious  handling  of  goods  and  packages,  special  jetties  and  stages,  all 


(1)  In  speaking  of  shods  and  warehouses,  they  should  be  divided  into  the  following 
dftsscs: 

(a)  Open  sheila  to  serve  as  a  toraporary  cover  during  the  process  of  groapingi  dis* 
sing  and  arranging  of  out-going  or  In-coming  cargo. 
(/<)  Clased  shedfl  in  which  goods  oisy  be  phued  temporarily  before  departure  or  after 

arrival  in  port, 

(c)  The  eiUrcpdU  or  general  wareliouses. 


stationary,  moveable  or  other  oiaaea,  lifta^  troUioa,  ahoota  and  atfkomatic 
loading  apparatus  (1). 

Oistiiction  between  Public  and  Private  Ports  with  regard  to  tlwir  Plant 

As  already  said  a  distinction  must  de  made  between  public  and  private 

plant. 

So  als<:>  the  ports  them;?elves  may  be  public  or  private,  according  as 
they  are  for  general  public  use  and  forui  part  of  the  navigable  waterway, 
or  are  formed  by  and  for  the  exclusive  use  of  private  firms  or  individuals. 

The  plant  found  iu  private  ports  has  its  own  special  character,  and  is 
not  avaUable  fix  public  use  except  under  extrsordinarjr  cizcumstanoee. 

In  public  ports  there  is  a  preponderance  of  public  plant,  Private  plant 
must  theie  be  subjected  to  public  interests  and  must  not  be  allowed  to 
form  an  obstacle  to  theee  interests.  Restrictions  must  be  imposed  in 
favour  of  these  latter. 

Thus  it  will  be  seen  that  though  there  i.s  uot  :il>soluto  correlation  be- 
tween public  and  private  plant  of  yori»  on  the  one  baud,  and  public  and 
private  ports  on  the  other  hand,  eadi  of  them  corresponds  to  ^tinct 
needs.  It  may  be  affirmed  that  there  is  a  very  diflPerent  character  presmted 
by  each.  Eadi  must  therefore  be  studied  apart,  in  reviewing  the  plant 
of  public  and  of  priyate  ports. 

In  France  on  moat  of  the  largely  frequented  waterways  the  transport 
of  manufactures  forms  at  present  the  main  itnn.  The  firms  interested 
have  generally  been  induced  to  fit  out,  often  with  exoellent  and  power- 
ful plant,  thnr  own  private  porta  On  the  othw  hand  the  public  porta, 
either  on  account  of  absence  of  traffic  or  from  want  of  initiative  on 
the  part  of  those  most  interested,  are  often  very  badly,  if  it  all,  provided 
"with  loading  nnd  other  appliancefl. 

Consequently  the  plant  of  private  ports  in  nmd\  more  advanced  and 
better  understood  than  that  of  public  ports ;  for  tliis  reason  let  us  first 
look  at  the  first  named,  and  with  regard  to  the  second  we  will  afterwards 
go  into  tho  question  Ailly. 

PLANT  OF  PRIVATE  PORTS. 
Its  Htore. 

Ajs  to  the  private  industrial  or  commercial  ports,  tho«}  interested  are 
free  to  put  down  such  plant  and  organise  such  service  as  they  may  deem 
neoessaiy  and  conT«nient; 


(1)  It  is  well  10  mention  especially  the  engines  whicli  are  indispensable  for  the  liand- 
ling  of  goods  and  packages  of  excepttoml  aiie  and  wetght  which  cannot  b«  hinded  or 
ahinted  wiUumt  the  help  of  thoM  enginas. 
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1.  Sd*  long  ni^  this  docs  not  infringe  nor  endoach  upon  public  rights 
of  way,  security  or  worlvinj^  facilitieB. 

2.  When  in  8o  tioiug  no  public  ground  is  utilised  for  private  purpose 
nor  affected  as  r^ards  its  potution. 

In  eetabliBtuDg  plant  aa  well  as  in  forming  the  port  itealf  these  two 
oonditiona  are  not  always  observed;  but  to  put  up  plant  on  any  pmrt 
of  the  navigable  waterway  or  its  adjoining  ground-apace  anthodaation 
ia  neoeaaar}'. 

Although  these  private  encroaclinients  are  contrary'  to  rogulations,  so 
long  as  proper  precautions  are  taken  it  may  be  udvanlagcous  to  tolerate 
thcin;  a  rent  and  right  of  expulsion  must  however  be  exa(^teti ;  also  the 
authorisation  must  be  subject  to  conditions  which  safeguard  the  public 
IntMests,  especially  the  liberty  and  aecuxity  dvcoIatioD  both  on  the 
tow-path  and  od  the  navigable  waterway.  Outside  theae  xeaervea  the 
authoriaation  aooorda  to  the  holder  full  liberty  of  action  in  the  aitaagnnent 
of  his  plant 

Tn  impofHrp  ro'^t fictions  the  local  conditions  will  be  taken  into  account; 
in  one  case  the  private  port  may  be  a  simple  widening  and  siding  in 
the  navigable  waterway,  and  in  another  catse  there  tnay  be  one  or  more 
basius  comieoied  with  tiiis  latter.  In  this  case  the  connecting  channel  or 
link  will  mostly  mn  through  property  outside  the  limits  of  main  waterwaj, 
and  this  and  the  private  dock  arrangementa  and  applianeea  are  private 
property  and  as  such  free  from  restriction. 

In  tho  other  caae  there  is  usually  a  tow-path  which  must  not  be 
obstructed;  hence  certain  imposed  oiMiditioiis  touching  the  diqxieal 
of  plant. 

Character  and  Purpose  of  the  Plant. 

The  aim  and  purpose  of  all  apparatua  is  to  increase  the  working  capar 
city  of  the  port,  and  to  leduee  cost  of  labour.  To  this  end  ^e  general 

and  essential  conditions  to  be  fulfilled  are  the  foIlowtDg: 

(a)  For  unlmuUng:  direct  transferring  of  goods  from  the  ship  to  the 
vehicle  which  is  to  deliver  them  at  the  works  where  they  are  to  be  used, 
or  into  the  warehouse  or  other  storage  place,  which  should  be  as  con- 
veniently situated  as  possible. 

(b)  Fur  loading:  taking  goods  as  far  as  possible  at  the  place  (^production 
and  passing  them  on  for  direct  ahipment  on  board  the  boats. 

These  conditions  are  more  or  leas  oomplet^y  fulfilled  in  different  ports 
by  means  of  machines  which  differ  greatly  according  to  the  establiahment 
and  industry  or  to  the  kind  of  material  usually  received  or  dsHjpatehed, 
and  to  the  distance  between  the  ))lace  of  production  and  the  port 

For  unloading:  manual  cranes,  steam  cranes,  pneumatic  and  the  electric 
cranes  are  most  generally  used. 
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The  crane  is  sometimes  fixed  tund  tometimes  tEavete  <m  laik  laid  par* 

rallel  to  the  quay^walls. 

For  fine  material  for  which  shovels  can  be  used,  baskets  are  often  em- 
ployed which  when  filled  are  passed  on  to  trucks  on  the  quay. 

When  the  working  apace  allows  of  it,  it  is  well  to  give  the  cruue  sutti- 
Gi«nt  reach  to  load  firom  the  ehipe'  holds  to  the  track  difect  Under  OMtaia 
conditums  it  is  advantageotis  to  sabsdtute  for  cranes  other  appliances, 
such  as  bkx^  pulleys,  shoots  etc. 

The  most  usual  means  of  transport  are  n^rr  nv  guage  raJlways  for 
small  waggons  and  trucks,  and  an  ordinary  guage  for  the  ordinaiy  railway 
truck  for  carrying  goods  any  considerable  distance. 

It  19  impossible  to  definitely  fix  tlie  position  to  be  occupied  by  the 
crune  with  regard  to  the  quay  service  lines  of  railway  and  for  the 
sidings  provided  in  most  well-formed  ports.  The  number  of  direct  loading 
and  shunting  lines  may  vary  to  suit  special  requirements. 

For  loaf3xng'.  the  same  means  are  generally  used  as  for  unloading,  eqie- 
cially  when  heavy  goods  and  padcages  requiring  care  are  to  be  haudled. 
For  goods  that  can  stand  rougher  usage  and  are  unlikely  to  be  injured 
h\  knocks  or  falls  the  simpler  system  of  tipping  is  revertefl  to.  Bv  ni'-ans 
of  suitably  arranged  hoppprs  or  falls,  the  contents  of  the  tipping  truck 
or  other  vehicle  is  dif^churged  either  directly  into  the  boat,  or  along  the 
more  gently  sloping  shoota  to  avoid  undue  breakage  or  pulverisation. 

As  fi»  unloading,  the  arrangemeirt  of  service  noways  will  vary  to  suit 
the  necessities  of  the  trade  of  the  port  and  no  fixed  plan  can  be  sug- 
gosted. 

Meat  manufacturers  and  owners  of  works  have  their  establishments  in 
connection  also  with  the  railway  system,  but  generally  tluir  train  an  l 
canal  services  are  distinct  and  independent.  Certain  emporiums  however 
have  the  two  services  connected  for  the  sake  of  tranyhipin^-nt  or  the  trans- 
ferring of  merchandise  from  the  waterway  to  the  railroad  or  the  reverse. 
Hub  convenience  however  is  fi»  pubUe  rather  than  inivate  ports  and  we 
shsll  have  to  return  to  the  subject  later. 

Private  p<»ts  at  a  distance  from  the  works  they  are  intended  to  serve 
and  connected  with  them  by  rail  are  in  reality  transhipment  ports  ana- 
logous to  thoee  to  be  studied  later.  Here  we  simply  mention  them. 

Economy  in  the  equipment  of  ports  consists  especially  in  the  easy  and 
perfect  connection  between  the  port  generally  and  the  plant  for  manipu- 
lating uiaterial  inside  the  factory  or  workn. 

The  aim  lu  ail  cases  is  to  bring  the  material  to  the  point  and  level 
required  as  economically  and  with  sa  little  handling  as  possible.  Each 
case  has  its  own  wdgendes  and  is  subordinate  to  its  own  special  comd* 
derations  and  dreumstances,  and  this  makes  difficult  if  not  impossible  the 
comparison  of  results  by  any  particular  system.  Certain  special  consi" 
decations  may  even  cause  the  sacrifice  of  any  advantage  to  bef^ned 
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by  iulopting  modem  or  apparently  improved  systemB ;  as  in  the  cane  of 
the  Blonzy  mineB,  where  the  (x>mpany  havo  hitherto  not  fonnd  it  in 
their  interesto  to  equip  with  modem  plant  their  port  of  Montoeau  lee 
Mines ;  the  400,000  tons  of  coal  shipped  there  are  moved  ahotuist  ^diuive- 
ly  by  hand.  Similarly  tiie  port  of  Bois-Bretoux  belonging  to  the 
CreTiRot  works  is  by  no  means  provided  with  plant  in  keeping  with  the 
250,000  t<»n3  annually  manipulated  there;  there  are  1'^  travelling  and 
6  stationary  cranes,  but  most  of  them  are  of  old  pattern  and  worked  by 
hand.  A  larpe  part  of  the  goode  handled,  instead  of  heing  transferred 
directly  from  railway-truck  to  boat,  or  inversely,  is  first  warehoused  and 
removed  afterwards  without  ccaneB  (1). 

The  Montlu^on  ports,  induding  the  iwivate  port  of  the  Gommentry* 
Foorehambatilt  Company  where  the  tonnage  was  in  1892  over  000,000 
tone,  and  in  1893,  458,000  tons  (of  which  200,000  consisted  of  ooal),  bavo 
a  comparatively  limited  plant;  about  one  half  of  the  total  tonnage  is 
moved  by  band. 

In  short  it  may  be  aliirmed  that  in  private  ports  the  plant  for  loading  and 
unloading  is  so  varied  that  any  comparison  on  general  principles  is  impossible. 

.Under  these  circumstances  we  have  simply  tried  to  shew  how  the  differ- 
ent qneslicms  relating  to  the  plant  of  private  ports  have  been  or  may  be 
met.  TO  this  end  we  have  desoribed  in  a  cnracny  manner  the  eqoipment 
of  certain  ports  on  the  inland  waterways  of  France,  which  by  the  impor- 
tance of  their  traffic  and  the  system  adopted  seems  to  merit  spedal  notice. 

In  Chapter  IT  will  he  found  a  short  account  of: 

A.  Conl-loading  plant  in  use  in  the  coal  fields  of  the  department  of 

the  Nord  and  of  the  Pas  de  Calai?' ; 

B.  The  plant  at  the  port  of  Montoeau  les  Mines,  (Blanzy  Mining  Com- 
pany) ; 

C.  Plant  at  the  jiort  serving  the  Foiges  et  Hants-Foomeanx  (Wori» 
and  Blast  Furnaces)  at  Maniaval,  Haute  l&wne ;  and  at  that  used  by 

the  works  and  foundry  at  Neuves-Maisons  (^lertho  and  Moselle  Canal 
de  I'Est) ;  also  of  the  plant  in  the  ports  belonging  to  the  Soci^t^  de  St. 
Gobain  at  Chauny  TOise),  and  of  the  port  created  by  Mr.  Dabblay 
(Eesone  paper  mills)  at  Bas-Vignona  near  Corbeil. 

PLANT  OF  PUBLIC  PORTS. 

Its  nature. 

A  puplio  port  should,  as  we  have  already  said,  be  equally  ftee  to  all 
and  without  privilege  for  anyone.  "Ln  general  its  apparatus  too  should  be 
public  property.  There  are  however,  even  on  the  French  navigable  waters 
ways,  somewhat  numerous  exceptions  to  this  rule. 

(1)  See  the  plan  of  the  port  of  bois-breuux.  (IM.  V). 
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It  has  in  fact  been  recognisef!  that  under  certain  circunLstances  it  is 
well  not  to  refuse  to  manufacturers,  especially  those  whotsu  works  are 
adjoining  the  waterway,  the  permitwion  to  establish  plant  in  the  public 
port,  provided  that  pabHo  mtecMlB  are  ix»t  thereby  injured  nor  any 
monopoly  aoqniied«  PenniBRoiiB  llius  granted  are  howevwalirajB  revocable. 
It  IB  ezpreeriy  etipnlated  thai  no  privilege  sath  as  the  qpedal  or  fimt 
uee  of  the  quay  and  moorings  for  his  wares  and  boats  is  by  that  means 
accorded.  The  adminiatration  requires  that  all  roads  shall  be  unob- 
structed ;  that  all  space  except  that  on  which  the  appliance  stands  shall 
be  exclusively  for  the  use  and  handling  of  goods  carried  or  to  be  carried 
by  their  waterway ;  they  shall  be  subject  to  all  the  existing  or  prospective 
laws  and  bye  laws. 

Aa  a  general  principle  the  adminiatcatioD  of  the  French  navigable 
waterwaya  reqaires  that  all  poUic  plant  not  provided  by  the  State  ahaU 
form  a  enbjeot  for  enquiry  and  a  decree  oS  anthorisation  shall  be  rendered 
previous  to  its  adoption.  There  shall  be  annexed  to  the  concession  a 
fixed  mnximum  Rcak^  of  c}iarg(»s  to  the  public  for  the  use  of  it. 

We  must  add  that  this  rule  has  not  always  been  absolutely  adhered  to. 
There  are  on  our  waterways  a  rather  large  number  of  npj)liances  for 
which  a  simple  licence  has  been  obtained,  stipulating  that  the  use  of  the 
phml  shall  be  had  by  the  public  at  certain  maximum  charges,  which 
sometimes  correspond  with  the  local  tariff. 

Under  the  present  administrations  these  restrictions  and  these  concessions 
are  practically  insufficient  and  the  administrative  control  is  uncertain.  Still 
the  revocability  of  the  authorisation  justifies  the  liberty  taken  with  the 
rights  of  the  State  and  the  township. 

The  services  to  be  rendered  to  the  j)ublic  by  the  i)lant  are  also  iu 
their  favour,  but  they  might  be  sacrificed  were  formalities  of  too  com- 
plicated a  character  rigourously  insisted  upou. 

In  a  general  way  this  plant  is  nseAil  to  all,  to  the  owner  because 
they  save  chsxges  on  the  one  hand,  and  on  the  other  hand  to  the  public 
becaose  it  ensoxes  rapidity  of  work  and  a  better  utilisation  of  quay  space. 

Ristrlotsd  Osvslopnisiit  of  PsbUo  Plast 

la  French  public  ports  plant  in  general,  but  especially  public  plant 
has  hitherto  been  but  very  little  developed.  The  plant  actually  existing 
is  in  foct  almost  nil 

RaUua^  The  lines  connecting  ports  with  the  railway  systems  of  the 
country  are  not  numerous.  Some  of  them  were  biult  by  the  State  ^ther 
when  the  main  line  and  the  navigable  waterway  were  constructed  and 
were  in  some  cases  amalgamated  with  the  main  line  on  its  being  leased 
to  a  company.  The  few  lines  of  this  class  still  forming  part  of  the 
public  property  form  the  only  plant  belonging  to  the  state  ii^  ports.  • 
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Others  liave  beeu  ad<iod  iu  the  concession  for  new  railways  j  and 
otbeiB  agun  have  been  conceded  either  to  local  compaidee  Aixtheiing 
general  public  interestB,  or  to  independent  co&tiaotora. 

Wbere  banded  over  they  are  aatimilated  to  tramwaya;  the  Mine  con- 
ditions and  the  same  formalitiea  aie  imposed.  The  actaally  existing  con- 
Btitution  and  laws  of  the  lai^e  companies  does  not  now  allow  of  new 
connecting  lines  with  the  waterways  being  added  without  a  special  con- 
ception. On  cnniu'cting  branch  lines  the  ct>mpaniea  owning  them  gene- 
rally provide  and  supply  waggons  and  trucks  to  private  merchants  on 
the  same  conditions  as  at  BtationB  on  their  main  line.  Alao  as  in  fheae 
stations  they  leserve  to  themselves  the  manipnlstion  of  cnrliin  classes  of 
goods  and  leave  to  the  nuurchant  the  handling  of  othsis  at  general  rates 
fixed  withoat  xeflsience  to  certain  special  oonditioQS  fiivoniing  tran- 
shipment. 

Tn  ♦hf'  greater  number  of  cases  the  special  tariffs  which  favour  oom- 
i  n  i  l1  transactions,  or  at  least  make  them  possible,  are  not  extended 
to  the  connecting  branch  lines. 

On  such  of  these  latter  as  are  not  owned  or  worked  by  the  larger  loiu- 
panies,  in  the  absence  of  some  special  anaagemait,  tnioiks  and  waggons 
are  sent  to  the  junction  of  the  two  lines,  and  ibr  goods  carried  each  line 
makes  its  own  separate  cbai)^;  this  has  an  injurious  effect  on  the 
development  of  the  port. 

The  number  of  French  public  ports  having  railway  connection  is  any- 
thing but  large.  With  12000  kilometres  of  navigable  waterw^v  the  num- 
ber of  connecting  lines  falls  short  of  7')  and  the  tonnage  curried  by 
these  is  insignificant ;  tariffs  kept  purpotjel y  high  by  the  railway  compaoies, 
the  almost  complete  absMice  of  cargo -handling  appliances,  and  too  fte* 
quently  the  bad  condition  of  the  port  itself  (e^Mdally  when  the  waterway 
belongs  to  the  railway  company),  all  check  the  development  ctf  the  port. 

Even  the  plant  of  the  Paris  porta  and  docks  is  absolutely  primitive* 
The  Javel  branch  it  is  true  oanies  a  certain  amonnt  of  traffic  in  spite 
of  the  fact  that  the  railway  company  which  constructed  and  still  works 
it  charges  an  additional  fr.  0.:>0  per  ton.  The  1>'-finch  line  of  Conflans 
(the  general  warehouses  of  the  jxjrt  of  Bercy)  is  worke(i  privately  and  is 
provided  with  2  cranes  for  transferring  goods  from  rail  to  boat  at  the 
rate  of  Irom  ft.  IJSO  to  ft,  2  per  ton  to  cover  the  rsilway  chaigss  nd 
cost  of  mamputation. 

At  the  Saint-Onen  Docks  which  are  connected  by  csQ  with  the  North- 
ern Railway,  the  Dock  Company's  charges  for  use  of  cranes  and  water- 
way (fr.  0  30)  are  on  an  average  fr.  1.60  per  ton. 

On  the  Paris-Lyons-and-Mediterranean  Railway  route  there  arc  about 
twenty  l)a.iins  whicli  have  railway  conneetinn:  at  lea,=t  two  of  these 
(Givors  and  Lyon-I'errachc)  might  have  commanded  cousidorable  traffic 
and  development  had  not  the  plant  been  neglected  by  the  P.  L.  M.  Com- 
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pany.  At  T.yon-Perrache  the  charges  are  exceppjvely  higli,  besides  a  fixed 
sum  of  fr.  10  and  a  chaise  of  fr.  0.50  to  fr.  1  per  day  on  the  Ijoat,  tliere 
ia  a  further  branch  tax  of  fr.  i).V2  per  ton  {  hurged  on  the  merchandiBe. 
The  station  proper  is  open  for  goodd  for  or  from  liie  Bourbonuaitj  or  the 
Cetto  districts  ezdonvely. 

The  Dijon,  St  Jean  de  Loane,  Benuifoii  and  Chagny  bcanch  linea  axe 
mora  aooomodatangt  although  fr.  1  (or  fr.  0.60)  per  loaded  tmokiadiuged 
in  either  direction.  On  ttie  other  hand  the  growth  ot  the  port  and  traffic 
has  for  yearn  past  been  paralyeed  hy  the  excessive  rates  imposed  by 
the  company;  these  vary  from  fr.  0.10  to  fr.  0.75  for  good.s  handled  by 
the  owners  and  for  those  handled  by  the  company  from  fr.  0.80  to  fr.  1.20. 

On  the  system  of  the  Orleans  railway  company,  where  competition 
from  waterways  is  less  to  be  feared,  the  management  of  the  connecting 
service  pmrte  (fi»w  in  number)  ia  mora  aatiafiustor)'.  Still  hera  too  thera 
ia  an  inBaffiden<7  of  plant  whieh  is  mndi  felt  The  canal  worked  by  the 
company  at  Monfhifon  ahewB  a  tonnage  carried  of  60,000  tons. 

On  the  Northern  Railway  system  there  ara  10  pablic  porta  with  branch 
lines  connecting  them  with  the  main  line;  none  of  them  have  any  plant 
and  need  no  special  mention. 

Tlie  game  might  be  said  of  the  1-1  public  ports  in  connertion  with  the 
Eastern  Railway.  Of  these  some  belong  to  the  Marne  au  lihin  Canal. 
They  will  be  deeeribed  later  (see  Cliapter  III). 

flhedf  and  WanhowuB,  These  too  are  of  limited  namber  on  the  navi- 
gable  waterways  of  France. 
At  no  place  on  the  watenrays  have  sheda  been  pnt  np  for  in*coming 

or  out-going  cargo,  or  for  classing  and  sorting  the  same. 

No  sheds,  except  those  erected  by  the  municipality  of  Paris  on 
the  Villette  dock  (12  m.  wide  and  910(t  sq.iu.  in  suiierficial  area)  and 
those  pnt  up  by  some  of  tlie  large  inland  river  carrying  companies 
(Havre-PariH-Lyons-Mediterraaean  Company;  Pavot  Freres,  tfec). 

llirough  private  enterprise  these  render  excellent  lerviee.  For  the  most 
part  their  authorisation  is  revocable  and  they  may  be  classed  among  ihcee 
for  which  temporary  lichee  as  mentioned  already  above  has  been  granted. 
Generally  they  consist  of  wooden  sheds  varying  in  size  to  suit  the  require* 
menta  of  the  trade  (1). 

In  some  instances  transport  companies  have  erected  warehouses  outside 
the  waterway  but  still  as  near  as  possible  to  the  channel  itself.  As  an 


(1)  Th«  B.  P-  L.  M.  Company's  sheds  at  Dijon,  two  in  numWt  and  DMamring  500 
tq.  m.  may  be  citod.  The  Joi^nv  nnd  romm(>rce  sheds  measnre  370  •44a.  and  those  of 
Orleans,  Chalons,  Saonc  and  Mu(,*on  IGO  aq.ia.  etc. 

At  Goropeigne,  GbaaDy,  St.  Quentin,  Cambrai  and  Dooai^  Messrs  Pavoi  Brothers  have 
aheds  measnring  reepectivdy  70,  150,  900,  3S0  aad  500  sq.metres. 
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exemple  we  may  mentioa  the  warehouses  at  Valenciennes  belonging  to 
M«wre  Pavot  BrothMs;  the  building  oonaietB  of  ctf laiiog,  ground  floor 
and  two  otoriee  and  oooupies  300  8q.metree  of  ground  spaee.  Th«  same 
firm  has  another  warehouse  at  Lille  of  1600  sq.m.  let  to  the  Docks  and 
Customs  there. 

For  the  most  part  these  entrep6ta  belong  to  private  companies  who 
work  them  as  General  \Varehonsc?.  The  number  of  these  warehouses  is 
anything  but  lar^e.  We  can  only  mention  tho8e  of  the  Villette  dock  (Paris) 
belonging  to  the  General  Warehouse  and  Entrepot  Company  (l)j  the 
«itrep6ts  of  the  Lyon-Vaise  dock  and  those  tA  Lille,  Tergnier,  Nancy, 
Gray,  and  Montargis.  Moieover  we  need  not  dwell  on  these  private 
estaUidiments  whose  tariffs  are  not  regulated  for  the  public 

Some  of  Uiem  have  railway  connection  (Lyon-Vaise,  Nancy,  Chray). 
Spedally  arranged  sidings  exist  in  most  cases  to  facilitate  tranHhipments 
from  rail  to  l)i)at,  but  it  must  alHO  be  addeti  that  tlie  contracts  between 
the  warehuuHt!  and  the  railway  companies  are  not  at  all  of  a  nature  to 
Dacilitaie  these  operations. 

Appliatues.  In  public  ports  the  number  of  absolutely  public  appliances 
for  handling  goods  is  very  limited. 

The  private  docks  and  warehouses  adjoining  the  port  are  for  thdr  own 
use  provided  with  appliances  such  as  cranes  or  other  speoial  ^ant  for 

which  a  temporary  and  revocable  licence  is  held.  The  carrying;  companies 
have  also  one  and  sometimes  2  or  3  cranes  lifting  from  1  to  3  tons 
generally  and  almost  exclusively  engaged  in  the  service  of  their  own  ware- 
houses and  boatti. 

Except  these  only  here  and  there  are  there  any  appliances  for 
puUie  use. 

Bv«i  the  ports  of  greatest  importance  have  a  very  insufficient  plant; 
the  Lyons- Vaise  dock  is  provided  with  5  Stationary  canes  of  1^1  and 

5  tons,  and  with  a  travelling  crane  of  2  tons. 

At  Dijon  there  are  3  crane.^  lifting  1.  3  and  4  tons;  at  Graj'  4  of  6 
and  10  ton  power,  and  a  Hoating  1  ton  crane  ;  at  Roanne  we  find  again 
4  to  lift  10,  6,  and  a  1  ton  tioating  crane.  Moutluyon  has,  besides  2  pri- 
vate 6  ton  cranee  and  special  plant  belonging  to  the  Commentry  Four- 
chambault  and  the  Ghatillon-Oommentry  companies,  only  a  4  ton  tisp 
veiling  crane  which  is  on  the  Orleans  Company's  basin. 

On  all  the  do6kB  in  ¥axiB  taken  together  we  find  the  following  i^pa- 
ntus: 


(1)  For  the  sake  of  precision  we  will  also  mentioa  the  Paris  enlrepuls  specially  used 
for  wine  and  sKuated  near  the  navigable  river  (Halle  «ax  Vine;  EntrepAts  de  B«rey>, 

as  wel!  as  tlie  ^.IiCiN  built  bv  the  General  Waichouj^ps  mrapany  at  Conflans.  Lot  us  also 
mention  the  warehouse  built  by  the  Paris  General  Wai-ebouses  company  cloae  to  tlie 
Seine  (Qoai  de  la  Oare). 
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1.  On  the  Seine  7  steam  cnincH,  of  which  four  of  3  to  i  ton  lifting 
p(nver  belong  to  tfie  Gas  Company  anrl  three  of  2  to  't  tons  ;  7  nmuual 
craneM  oi  1  to  4  tons,  and  38  iloating  1  to  5  tun  cranes.  Among  these 
are  not  included  5  private  shears  nor  a  80  too  crane  (at  the  Gail  works), 
and  2  travelling  etanee  lor  unloading  bailding<«tone ; 

2.  On  Ike  8*  MmrUn  dock  eight  1  to  2  ton  cranes  and  one  of  1  ton 
for  public  use  at  a  fixed  charge ;  5  cranes  lifting  from  6  to  Id  ions  for 
bailding-Btone  and  4  shears  for  private  use; 

3.  On  the  Villette  dock  6  statinnarv  1  ton  cranes  for  public  w^p 
without  charge;  also  1  tixed  1  ton  and  "i  floating  2  ton  cranes  tor 
puhlin  hire.  Besides  these  there  is  one  10  ton  crane  for  handling 
building-stone ;  8  private  1  and  1  '.4  ton  and  1  hydraulic  shears.  Taken 
jointly  the  apparatos  on  the  Villette  dock  serves  for  27  */•  of  the  total 
amount  manipulated,  which  exceeds  1,060,000  tons; 

A.  On  (he  S*  Jknk  Omal  ontride  the  Pbris  limits  are  6  cranes  of 
2  ton  lifting  power;  1  of  5  tons;  1  of  2  tons;  2  shears  to  lift  20  and 
36  tons  respectively  which  can  be  hired  by  the  public;  also  2  private 
8  to  10  ton  cranes. 

As  we  have  at'en,  Paris  pos.^e8SPs  a  somewhat  cons^iderable  number  of 
powerful  cranes  and  derrickd  fur  handling  building-stone  or  for  heavy 
machinery.  Most  of  these  appliances  may  be  hired  by  the  public 

These  powerful  ma<^nes  are  uncommon  on  the  French  navigable 
waterways  and  are  for  the  most  part  the  private  property  of  qoarry- 
ownen,  who  have  inovided  them  and  who  use  them  for  embarking 
building-stone. 

This  paucity  of  apparatus  is  to  be  regretteil.  Yet  it  must  be  admitted 
public  initiative  can  scarcely  bo  counted  upon  for  the  providing  of  this 
clafs  of  plant  which  a  at  few  given  points  would  be  likely  to  prove 
by  its  hire  a  remunerative  investment.  It  would  seem  a  more  hopeful 
solntiMi  of  the  difficulty  were  floating  plant  to  be  provided  capable  of 
vidting  and  serving  a  number  of  diff«rent  points  along  the  same  navigable 
waterway. 

It  is  desirable  too  that  in  the  public  interest  tliese  appliances  and  the 
conditions  and  tarifl  of  hire  should  form  the  subject  of  enquiry  and 
special  concession.  Those  at  present  in  use  exist  in  virtue  of  a  simple 
waterway  licence. 

To  complete  the  foregoing  general  intormatiun,  we  shall  give  later  un 
(Chap.  HI),  after  a  description  of  some  exclusively  private  ports,  a  brief 
account  of  an  important  waterway,  the  Mame  an  Rhin  Gmal,  noticing 
both  its  public  tatd  its  private  ports.  BSxamplee  of  the  different 
cases  and  conditicws  already  spoken  of  will  be  found,  aa  wdl  as  of  the 
difTcrent  appliances  made  use  of  to  suit  the  nature  of  the  goods  to  be 
handled* 
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Tht  niatlon  bttWMi  t  PvMIc  Port  ni  Ks  PImI. 

We  ha76  said  that  the  plant  of  public  i>orte  was  either  nO  or  very 
dementary ;  also  that  it  rarely  was  of  a  suitably  public  character. 
Lot  us  consider  the  oonaequencefl  of  this  defective  stale  of  thingB  aod 

seek  its  remedy. 

Ih  it  necessary,  a  priori,  to  equip  all  ports? 

In  what  should  the  equipment  of  any  given  spot  consist?  And  by 
whom  should  the  ooat  be  home? 

Sudi  axe  in  our  opinion  the  principal  qucstiona  to  be  examined. 

The  porta  of  the  French  navigable  waterways  present  extremely  divev* 
sified  characters,  both  in  their  normal  use  and  working  and  in  thair 
individual  importance.  None  of  them  are  capable  of  being  worked  as  are 
the  maritime  ports,  or  especially  as  the  large  navigable  rivers  of  Germany 
and  Holland.  None  are  required  to  have  a  plant  to  be  compared  to  tliat 
poHSessed  by  these  last  named  ports,  which  are  really  district  ports. 
These  ports  are  frequented  by  large  craft  like  sea-going  vessels.  Their 
daily  expensea  are  conaiderable  and  quick  loading  and  unloading  is  with 
them  a  matter  of  importance.  Herohandise  f»r  diatribution  over  a  large 
area  flowa  into  these  ports  under  oonditions  similar  to  those  o{  a  aaar 
port  As  in  a  maritime  port  they  are  put  in  the  warehouses  before  being 
forwarded  to  the  various  places  of  consumption  and  ofton  are  sold  only 
after  their  arrival. 

The  French  inland  waterway  ports  have  generally  nothing  of  this 
character.  Tiiey  are  esiieutially  yoria  for  local  trartic  and  consumption. 
Only  some  few  ports  lying  near  the  head  of  the  nuun  waterway  have 
anything  of  the  nature  of  tranfdt  or  tranahipmrat  porta. 

The  working  of  our  inland  porta  in  Fnnce  cannot  therefore  be  com> 
pared  to  that  of  maritime  and  large  riveiwp(vtB.  Neither  can,  except  in 
rare  cases,  the  pame  or  similar  plant  be  appropriate.  A  much  smaller 
plant  will  ordinarily  suffice,  but  it  shonld  in  all  cases  be  specially  suited 
to  the  productionB  of  the  district,  or  to  the  materials  brought  to  it  from 
a  distance  for  its  consumption. 

The  plant  most  suitable  will  vary  greatly  in  diilerent  ports.  It  is 
dear  that  the  aimple  widening  and  reaolting  mooring-width  of  waterway 
auitable  for  a  village  will  not  suffice  for  a  town  of  ocmidderaUe  p<^lation, 
nor  will  the  neeeaaary  gear  and  apparaiua  be  identical  in  the  two  caaea. 
Again  there  can  be  little  analogy  between  the  appliances  needed  for  a 
port  of  an  agricultural  dintrict,  an  industrial  centre  and  a  quarry  fiom 
which  building  -tone  is  got  and  dispatched. 

Tn  small  canal  and  river  ports,  such  as  our  inhmd  porta  mostly  are, 
plant  suitable  for  manlime  and  large  river  portti  uiust  nut  be  iutru- 
duced.  But  however  small  they  may  be,  oanid  and  river  porta  ought 
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not  to  ho  neglectod  ;  it  is  possible  to  improve  them.  Tt  is  imperative  that 
their  plant  should  be  complete;  but  extreme  prudence  should  be  exer- 
cised ia  effecting  thia. 

Classiflcatioii  of  Ports  according  to  their  Requirements. 

The  pradse  nocetBities  of  a  port  must  first  of  all  bo  opedally  etadied. 
Hiom  necsBritioB  depend  maiiily  on  the  nature  and  the  amoont  of  tiaffie. 

To  arrive  at  Homething  like  correct  concluflionB  we  have  divided  oldinary 

public  canal  and  river  ports  into  tlirce  classes: 

1.  Secondary  or  Rubordinate  ports,  compriBing  all  widenings  of  water- 
.  way  for  the  nervice  of  hauilets,  villages  and  small  towns  possessing  little 
commerce  or  industry. 

2:  Ports  in  large  oommenial  and  indmtrial  centres  and  ports  of  laige 
towns. 

S.  Transit  or  tmnddpment  ports. 

We  will  say  a  few  words  on  eadi  of  these  three  cathegories  of  porta 
token  separately. 

Secondary  or  Subordinate  rorla. 

The  traffic  of  these  ports  is  generally  very  small  and  no  hopes  can 
be  entnrtained  of  its  inereadng.  What  small  amount  of  merchandise  docs 
anrive  or  is  sent  off  interests  most  ftequently  hut  a  very  limited  number 
of  tiadeiSi  and  the  variety  of  material  is  not  great.  Apart  from  such 
heavy  material  as  building  stone,  rough  timber  and  large  metal  pieces 
which,  without  powerful  appliances  it  would  be  impossible  to  load  on 
the  waterway,  no  special  appliances  are  necessary.  (The  powerful 
appliances  here  referred  to  will  be  treated  of  in  a  subsequent  paragraph). 
It  may  be  asked  whether  in  ports  of  this  class  with  such  limited  traffic 
hand  labour  may  not  be  most  economical.  So  many  differmt  considerations 
and  drcnmstances  may  have  weight  here  that  it  is  iroporible  to  come  to 
a  general  condwdon.  Admitting  that  at  certain  points  one  or  two  cranes 
might  render  useful  service,  the  number  of  traders  interested  is  too  limited 
to  support  the  onllay  requisite  for  providing  them.  The  intervention  and 
help  of  public  cnrpora'.ions  either  directly  or  by  trustees  appointed  by 
them  might  be  L>ul1i  inconvenient  and  dangerous.  For  instance  in  a 
small  port  the  giving  up  of  business  or  the  removal  of  a  single  manufac- 
tnrar  might  tiiiow  idle  and  melesa  an  apparatus  provided  at  heavy  cost. 
Again  an  excessive  development  of  plant  under  pressure  of  public  opinion 
is  at  times  also  to  be  feared ;  the  redemption  of  the  debt  and  even  the 
interest  on  the  capital  expended  m^ht  not  be  always  aasnied. 

In  short,  all  things  consideredt  private  enterprise  seems  to  be  the 
only  means  which  in  the  cases  in  question  guarantee  against  errors  of 


Digitized  by  Google 


14 


valuation  and  abuse  and  should  continue  to  be  the  natural  regulator  of 
outlay. 

Is  it  Buggerted  that  the  public  oorpoiationa  should  take  no  part  in  the 
arrangements?  By  no  means.  Private  initiative  should  be  encouraged  and 
facilitated.  To  this  end  the  formalities  to  be  ftilfiUed  should,  by  the  cares 

and  endeavours  of  administrative  jiublic  corporation?,  be  made  as  easy  as 
I)OSHible.  Without  excluding  iiny  of  the  formalities  eB.sential  for  the  security 
and  frerrltjin  of  navigation  and  the  full  use  of  the  hinds  pertuiuinw  to  the 
waterway,  and  to  give  if  necessary  a  public  character  to  tiie  ajipiiratus, 
a  wise  and  prudent  dewntralisation  of  power  of  granting  authorisations 
may  be  studied  and  may  be  oonstdered  useful  and  desiiable. 
Private  enterprise  we  repeat  should  be  left  to  do  the  lest. 

Porla  in  large  CoMmrolal  Ceitm. 

Immediately  a  port  acquires  or  fpves  proinitit;  of  acquiring  a  certain 
importance,  the  conditiouti  are  ciianged.  The  uecessitieii  and  requirements 
of  such  a  port  are  varied.  There  is  loading  end  unloading  of  different 
goods  for  widely  sepaiate  idaoes;  sometimsa  these  goods  are  warshoused 
in  the  ports;  or  agidn,  outgoing  or  in-oomii^  merchandise  may  require 
that  the  merchant  or  manufacturer  should  at  once  divide  and  repack 
them,  protect  them  from  the  weather,  or  in  all  or  part  store  them  for  a 
certain  time  awaiting  contingencies. 

To  ensure  the  porVa  prosperitv,  suitThle  cargo  handling  appliances  must 
he  provided  for  loading  and  unloadmg,  either  directly  or  by  using  the 
ground  spaces,  the  various  kinds  of  materiel  composing  the  cargo;  also 
sheds,  warehouses,  docks  and  yards  arranged  and  fitted,  as  in  works  and 
factories,  in  such  a  way  as  to  "avoid  unnecessary  intermediate  handling 
of  goods  in  their  transference  from  ship  to  warehouse  or  the  reverse. 

There  should  be  connecting  lines  between  waterway  and  the  railway 
systems  for  fucilitaling  the  direct  or  indirect  transit,  that  is  to  say  the 
waterway  warehouses  should  be  in  touch  at  the  same  time  with  the 
railways. 

It  is  indispensable  for  merchants  to  know  beforehand  the  exact 
amount  to  be  paid  for  each  service  rendered. 

There  is  thus  in  the  equipment  of  a  port  of  any  importance  a  sdi- 
darity  of  organisation  of  maohinety,  warehouses,  docks,  railways  etc  More- 
over once  the  working  plant  is  acquired,  there  is  the  wOfUng  management 
or  staff  to  he  attended  to  and  organised. 

It  is  evident  that  the  problem  w*<  are  studying  cannot  be  re«»olved  as 
a  whole  and  as  defined  in  its  generality,  but  we  may  approach  the  solu- 
tiuu  as  nearly  as  possible  and  apply  the  principles  of  it  as  far  as  they 
are  compatible  with  the  traffic  of  each  port 

Now,  whatever  the  equipment  required^  let  ns  ask  who  is  to  provide  IL 
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The  pL'r3on^^  iisiii^;  the  port  are  numerous ;  they  clian^e  and  conti- 
mially  increase  or  decrejisc  in  number.  A  direct  "general  iiiulcrHtaruling 
amougBt  them  i6  diflicult,  if  not  impossible.  Only  large  contractorij  may 
BOOMtiiiieB  undertake  as  a  whole  oomplex  wark  of  this  importanoe.  In 
thie  case  the  too  often  ezoeeeive  pvofite  of  middlemen  wdgh  upon  the 
oommerce  and  the  navigable  way.  Should  therefore  private  enterprise  and 
initiative  be  exdnded?  Aesurriy  not;  but  the  intervention  of  pnblie 
powers  (i.  e.  powers  such  as  Chambers  of  Commerce  or  Navigation  for 
example)  miw  then  exercise  a  useful  discretion  when  ncces.«ary  in 
removing  obstacles  and  suppressing  the  abuses  which  might  result 
from  thorn. 

Concessions  for  laying  dwon  plant  should  moreover  be  subject  to  sndi 
nBtarietioos  and  gnarantess  ea  will  effoctivdy  eeenre  their  working  to  the 
best  intereets  of  the  general  pnblie  they  are  intended  to  serve.  These 
ooDoeesiona  must  emanate  from  the  eentrel  power. 

Fewer  for  luudUng  heavy  naterial. 

In  a  previous  paragraph  we  promised  to  apeak  specially  of  appliances 

for  the  manipulati  n  f  certain  heavy  material.  The  materials  referred  tO 
may  be  met  witli  at  all  pori^.  whether  such  porta  be  (jthorwiHe  of  impor- 
tance or  not,  even  in  portn  in  remote  country  dis^trict^.  Emanating  from 
quarries,  foresfe^  and  otlier  similar  sources  the  heavy  materials  may  he 
intended  for  dill'ereut  poiutti  along  the  navigable  waterway.  The  appliances 
neceBsaiy  for  handling  them  are  otiierwise  little  profitable,  but  Isck  of 
these  may  impede  the  working  of  the  natural  wealth  and  products  of  a 
whole  district  Private  enterprise  will  rarely  dare  to  risk  the  outlay  neces- 
sary for  providing  the  powerful  apparatus  in  question ;  rarely  too  would 
private  endeavour  solve  the  problem  of  its  supply  in  the  most  rational 
and  economical  manner,  namely  by  transportable  appliances  capable  of 
being;  taken  from  i)ort  to  port  along  the  waterway  to  ell'eet  loadinji  and 
unloading  operations,  neither  in  private  hands  would  it  ordinarily  be  pos- 
sible to  arrange  the  work  to  be  done  by  these  machines  at  widely 
varying  distanoes. 

It  thevefore  seems  that  apart  from  the  importance  of  ports,  the 
public  powers  and  corporations  should  intervMie  for  the  establishment 
and  iMPovision  of  these  powerful  appUanoea  to  be  used  along  a  navigable 
way  or  a  system  of  navigable  ways. 

TrunMpaiait  Parte. 

In  speaking  of  the  ports  in  important  commercial  or  indnstrial  centres, 
we  have  already  had  occasion  to  speak  of  transhipment  ports  and 
have  said  that  these  sAionld  as  for  as  possiUe  be  in  direct  connectkm 
with  the  railway  systema  to  and  from  the  ports*  own  docks  and 
waishottses. 
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It  is  defliiftUe  too  that  tlie  oommmiiotticMUi  botwoen  the  nailwajB  and 
eanak  ehonld  be  numeioaB  and,  as  ikr  aa  local  oiieamatances  allowp  tiiat 
pointB  of  coDTergoDce  of  railway  traffic  aboold  be  ealabliahed,  whexe  the 
railway  may  beoome  a  fseder  to  the  waterway  and  diatribnte  its  tnitphhan* 
diae  over  a  large  area. 

The  qn(>stion  was  discussed  at  Manchester  and  at  Paris  and  the  con* 
elusions  arrived  at  merit  pupport. 

With  regard  to  the  arrangement  and  plant  in  these  ports,  in  addition 
to  the  general  conditions  already  laid  down  and  applicable  to  tranship- 
ment ports  aa  well  as  others,  we  can  only  inabt  on  the  following 
principal  points. 

The  object  of  plant  in  ports  is  to  facilitate  and  to  leeson  the  cost  of 
handling  goods ;  it  should  be  so  stationed  that  the  latter  can  be  transferred 
directly  from  water  to  rail  and  vice-veraa  and  at  the  same  time  80  that 
the  quay-space  may  be  left  clear  for  storage  »he<iB. 

When  the  extent  of  the  ports  permits,  part  of  the  plant  may  be 
specially  placed  for  direct  loading  between  mil  and  water,  and  the  other 
part  placed  where  best  soited  for  depositing  goods  in  warehouses.  Where 
the  port  is  d^oient  in  length,  there  may  be  r8ser?ed  between  the  quay- 
wall  and  the  quay  service  toanshipment  raU  a  sufficiently  wide  space  for 
sheds ;  on  this  quay-space  there  may  be  placed  cranes  of  sufficient  reach 
to  allow  of  direct  loading  or  anloading. 

An  advantageous  arrangement  of  the  transhipment  line  f5eem8  to  be 
that  of  giving  it  a  height  which  will  bring  the  floor  of  trucks  on  a  level 
witli  the  raised  quay-space  on  which  the  sheds  are  built. 

Under  any  circumstances  there  ought  to  he  one  or  more  supplementary 
lines  of  fail  contignous  to  the  msin  trandilpment  line,  and  at  least  one 
as  a  siding  for  empty  waggons;  also  it  is  important,  if  tranahipments  are 
made  in  both  diiectionB  and  there  be  but  one  toanshipmoit  line,  that 
this  line  should  be  connected  with  the  shuntillg  stations  in  several  places, 
at  least  at  the  two  ends,  by  either  points,  turn  tables  or  revolving  side-restj?. 

Merchants  should  handle  their  ov/.i  merchandise  wiiii  t]ie  public  plant 
and  not  leave  it  to  companies  wiiotjo  station  charges  urr  all  times 
onerous.  It  is  equally  desirable  that  the  railway  connection  arrangements 
be  such  as  to  avoid  ezeewiTe  charges  for  goods  passing  over  but  a  short 
distance  'of  the  main  line. 

In  the  description  of  the  working  appliances  of  the  Mame  an  Rhin 
C&n&i  to  follow  several  transhipment  ports  >vill  be  noticed,  two  of 
which,  though  not  advantageously  situated,  show  a  large  traffic 
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Plant  of  Ports  in  Coal  and  Manufacturing  Centres. 

A.  COAL  PORTS  III  THE  DEPARTMENTS  OF  LE  NORD  AND  LE 

PAS  DE  CALAIS. 

Total  output  of  coal  and  quantity  sent  away  by  water. 

Of  the  total  yield  of  all  the  pits  in  Le  Nord  and  I^e  Pas  de  Calais 
taken  together  nearly  one  third  is  sent  away  hy  water.  Tho  12,4H0,00O 
tons  of  coal  raised  in  1889  inenascd  to  14,r)'«),(XK)  trm.^  in  1892.  The 
quantity  despatched  by  water  was  in  1889  4,1UO,UOU ;  and  in  1892  more 
than  4,400,000  tons. 

A.11  the  coal  companies  have  been  preoocapiod  as  to  the  beet 
arrangementB  and  appliances  for  loading  and  forwarding  coal  hj 
water. 

All  the  la^  companies  now  pot^sess  one  or  mow  jiorts  specially  fitted 
with  the  most  suitable  plant  for  the  puri>usu;  the  17  pits  belonging  to 
the  Anzin  CJompany  are  in  connection  with  4  ililli  it  nt  pnrte. 

The  following  table  gives  for  1892  the  toial  outimi  and  the  quantity 
of  coal  sent  away  by  water  from  each  of  the  large  companies. 


Cenpenf. 


PORT. 


Output 


Sent  away 
by  veter 
1899. 


Itu  k  Douvrin 
B«thane  ( BoUy  Orinai ) 

5ieiu  


Li«Tiii 


Pas  de  Calais  eeal  Oook. 

Noy«ll«i  Oedaalt,  Water  station  at  the  junotiun  of  n  branch 
wliicli  <  oiumunicatcd  with  the  Dcult*  . 

Cuuroellcii  Whurl  un  the  upper  Deolo  

Harn«ft  Wharf  <m  tbd  Lens  eanal  

Vrtirliti  WaterstationandWhnrf  on  the  upper  DeuK- 

ViolainCH  Water  stntion  on  tli.'  A  in'  funnl 

Beuvry  Wator  »tatiun  at  lleuvry  brunch  extremitj-, 

Aire  oanal  

Water  itatiOQ  on  tbe  Aire  Osiiel  .   .  . 

do.   


Otfrin  .   .  .  >  • 

Procourt  .... 


BetlraiM 

Annerin  (Bethnno) 
Ittbergaes 
Eleu 

Meuralira 

Courri«^rc8 
Pont  k  Veadin 


do, 


Water  station  at  Lena  Canal  oxtrouiit) 
Water  atatioa  and  wharf  on  the  apper  Denle 
Wharf  on  th<-  Ktioohos-LMU  Canal.  .  . 
Puhlio  Wharf  on  the  upper  Denle  Canal. 


Total  for  the  I'a^  do  Calaid  duck 


Tone. 

616,000 

1,898,000 

2,102,000 

1.1  1*^,000 

918,000 

228,000 
700,000 
878,000 

203,000 

250.000 


Tone. 

I.'j4,000 
43,000 
847,000 

G9.S,000 
120,000 
437,000 

895,000 

249.000 
49,000 

169,000 
71,000 

24,000 

4 1  .OOi) 


9,aai»,ooo  1  a,44o,oou 


-  a.  auui 
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CSmnpftny. 

PORT. 

Ontirat 

a 

1892. 

Sent  mwtsf 

by  water 
1808. 

Total  for  the  Pas  de  Calau  dock. 

TutH. 

fl  nvi  nnn 

Tons. 

Le  Nord  Dock. 

Yiciix  Oond4 

Whftrf  on  the  lower  Scheldt  

155,000 

Tlnent 

Wharf  on  the  middle  Soheldt  .... 

1 

40,000 

Wlmf  of  nbudM  n  tta  middla  Sdieldt 

2,718,000 

416,000 

798,000 

129,000 

Oayant 

432,000 

84.000 

Doriguiotf 

328,000 

91,000 

Lourolies 

Wharf  on  the  middle  Soheldt  .  .  .  .| 

105,000 

Amand 

Thiv.  nolle 

WluirT  on  tin-  Mons-Comh'  t'Hnal    .    ,    .  ^ 

9,000 

Frcanoa-Midi .   .   .  . 

Frcsncs 

Wharf  on  the  Esoaupon  branch  (luiddlo 

132,000 

84,000 

Yarioufl  CompM^w  . 

1M,000 

Totel  for  Le  S«ti  dook  .... 

4,663,000 

078,000 

The  Totals  for 

the  Fm  de  Oalaii  and  Le  Hord  doi  k 

taken  together 

1  14,498,000 

4,418,000 

BRIEF  DESCRIPTION  OF  SHIPPING  PORTS. 

(See  Plate  I.) 

Moot  ports  of  importance  havo  a  otaUon  which  is  connected  with  the 
river  or  cjinal.  Along  the  lower  Scarpe,  the  Scheldt  and  various  canals 
of  TiP  Nord  the  wharfs  are  often  on  the  hank  of  tlie  wnterwny.  Con- 
fining t)urBelvrs  to  thofle  showing  more  than  40,000  tons  annual  tonnage 
we  mention  the  following. 

The  Haraes  wharf  (Courri^res  Company)  on  the  Souchez  (1)  (liens) 
Ganal;  the  Dorignies  wharf  (Scarpelle  Company)  on  the  upper  Deule 
Canal;  the  Gnayanl  (Aniche  Company)  on  the  middle  Scarpe;  the  Vieux 
Gond^  (the  Anzin  Company)  on  the  right  bank  of  the  lower  SchoMt; 
and  the  T/ourches  wharf  (Douchy  Company)  on  the  lefb  bank  of  the 
middle  Sc-h.-ldt. 

Tiie  Drtx  fHtri  cual  mining  company  embarks  its  coal  at  the  public 
wharfs  of  i'ont  ^  Vendin. 


(1)  It  is  to  be  noticed  that  the  Harnos  port  was  formerly  in  connection  with  a  3 
kilometre  private  channel  of  the  Courriur^  Company.  That  waterway  called  the  Souchez 
Canal  was  aiter wards,  in  1889,  prolonged  under  the  name  of  Leo*  Canal  beyond  Uie 
£lett  poll  (whaiis  of  the  Liivin  mince). 
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For  its  wharfs  ;it  Fresnes  the  FresDes-Midi  mining  company  is  utilising 
the  unused  Escaupont  branch. 

The  Eleu  wluuf  (Li^vin  mineB)  oonoBponds  with  the  eztrame  end  of  the 
Lens  canal  (a  proloosation  of  the  Sooches  canal). 

The  NoyfllIfle<3odault  (Donrgee  mines)  and  Benviy  (Noenx  mines)  ports 
have  each  a  station  at  the  end  of  a  private  branch  of  waterway ;  these 
branches  are  440  and  2,600  metres  long  respectively. 

With  regard  to  ftntiona  properly  so  rallorl,  as  circnm«itfincns  r.-'quire, 
they  aro  cither  parallel,  oblique  or  at  right  angles  to  the  canal  or  navi» 
gable  waterway. 

The  Vendm  station  (Lena  mines)  and  the  Violaines  station  (Bethune  minest 
a  conceseion  of  Bally  Grenay)  are  parallel  ot  nearly  parallel  to  the  canal. 
The  two  stations  of  B6thnne  and  of  Annesin  (Bruay  and  Maries  mines) 

are  at  an  angle  of  35°  to  the  canal  (1). 

And  finally  the  Meurchin  (Meurchin  Company)  and  Isberges  (serving 
the  Ferfny  and  the  Auchy  au  Bcis  and  Fl^hinelle  mines)  stations  are 

perpendicular  to  the  canal. 

Also  the  three  stations  at  Denain  for  the  ^vo^k■5hops  etr.,  are  perjiendi- 
cular  to  the  old  Scheldt;  two  of  these  three  are  used  almost  exclusively 
by  the  Aniin  ooal  oompanieB. 

Nrts  M  OM  ef  the  iMmln  of  the  Mvlgable  walirway. 

In  firont  of  the  Hemes  wharf  the  canal  is  from  15  to  SS3  metree 
wide,  whilst  below  the  normal  width  is  only  8  metres.  Also,  up-stream 

the  Lens  forming  a  prolongation  of  the  Souchez  canal  is  but  11  metres 

wide.  The  CDurriere.^  company  tisc  the  riglit  l)ank  only;  the  left  bank, 
on  which  if?  the  tow-path,  is  left  free  for  tlio  passat^e  of  hoaln.  The 
wliarfage  hm  a- length  of  840  metres;  it  ha>s  a  quay- wall  1<K)  metres 
long  rising  3  metres  alx)ve  the  water-level,  on  wliich  stand  two  loading 
appliances;  there  is  a  length  of  150  metres  wooden  staging  carrying  8 
cranes  for  loading  big  coali  and  lastiy  an  indine  (2  in  3)  for  pit  props 
on  the  right 

The  upper  Deule  and  the  middle  Scarpo  have  a  normal  width  of  10 
metres  at  the  water-level.  To  the  right  hand  of  the  main  wharf  of  the 
Efcarpelle  Company  at  Dorignlt'8,  since  tlie  ojieninj^  of  a  public  wliarf  by 
tlie  State,  there  is  a  total  widtli  of  22  metres.  To  the  ripht  again  of  the 
Gayant  wharf  the  Scarpe  is  16  metres  wide  on  the  surface  of  the  water; 
this  enlargement  of  width  and  mooring  space  was  effected  in  1882  at 
the  cost  of  the  State,  because  a  swing-bridge  at  this  point  often 


(1>  To  be  Mart  wp  must  nlso  rtientinn  tho  miinipoi  (ant  basin  oonstni.  ti^i  Lv  ttie 
iv^carpelle  Company  ami  by  them  usetl  coitcurrently  wiUi  Uie  two  wbarves  on  tbe  Duulc. 
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necessitated  the  lying  to  and  waiting  of  boats.  The  width  is  19  metres 
along  the  quay  constructed  by  the  cotupany  for  the  shipping  of  its  coaL 

The  public  port  of  Pont  i  Vendin  oonraeponds  to  a  widened  length  of 
waterway  in  the  Deule  Oanal  (17  m.  wide)  of  300  metres. 

The  Drocoart  company  genezally  oocupieB  only  sufficient  length  for 
one  boat. 

Watir  ttatlMS  praptriy  m  etdtd. 

To  the  right  of  Eleu,  the  Li^vin  Company  has  formed  a  station 
22  50  m.  wide  and  268  m.  long,  with  brick  quay-walls,  and  at  itsentance 
a  smaller  side  station  to  allow  of  boats  paasii^.  The  quay^walls  are  1  tn. 
above  water-levd,  except  to  the  right  of  the  loading  gear  where  for  a 
distance  of  118^  m.  the  height  is  6.20  m. 

The  Doorges  station  is  100  m.  long  nnd  122  m.  wide.  Its  wharfs  on  the  two 
sidrs  fire  3  m.  above  water-level.  The  company  has  put  up  three  loading 
hoppers.  Above  and  below  the  iiioutli  of  the  branch  (440  m.)  which  seri'cs 
the  station,  the  Upper  Di-ulc  canal  has  a  normal  width  of  only  1()  metres, 
but  it  is  inteadtxi  to  increase  the  width  to  16  metres  over  u  distance  of 
1  kilometre,  so  as  to  aooomodate  empty  or  loaded  craft;  this  is  to  be  done 
by  the  State  and  the  Douiges  Company  conjointly. 

The  Benvry  station,  at  the  extremity  of  the  branidi  bearing  the  same 
name  (constructed  as  well  as  the  station  proper  by  the  Noeax  Mining 
Company)  consits  of  a  basin  2:^  m.  long  and  18  m.  wide,  with  a  small 
side  basin  at  the  fntrancc  for  convenieiu-*'  in  pn^sing;  on  one  side  there 
is  a  wharf  150  metres  long  with  two  loading  hoppers,  and  opjiosite  this 
the  quay  2tA»  m.  long  is  used  especially  for  loading  briquettes.  The 
wharfage  is  prolonged  320  m.  beyond  the  length  of  the  basin  for  the 
storing  of  coal  and  pit  props  (manipulated  by  hand). 

The  Vendin  port  (Lens  mines)  had  originaiiy  a  width  of  18  m. ;  in 
1890  this  was  increased  to  32  m. 

At  the  same  time  the  Lens  mining  company  gave  a  length  of  360  m. 
to  the  hasin  in  which  is  the  small  side  basin.  On  one  side  of  tho  basin 
is  a  quay- wall  of  275  m.  long  with  47  shoot'?  ;  the  height  above  water-level 
is  5.8.'»  m.;  on  the  oppo«?itc  side  the  wharf  is  only  1  .oO  m.  hijih  and 
is  used  for  loading  large  coal  and  to  some  extent  also  for  unloading 
props.  Near  the  bsan  the  width  of  the  Deule  for  a  length  of  1800  m.  is 
now  16  m.  The  company  oontribated  towards  the  amount  spent  <m  its 
widening.  The  improvement  was  urgently  needed  not  only  as  a  mooring 
qpace  for  boats  awaiting  their  turn,  but  also  because  the  Lens  Company 
uses  the  bank  for  loading  and  unloading.  Coke  ovens  are  also  erected 
along  the  bank. 

The  Port  at  Violaines  (Hethunc  Mining  Company)  consists  of  a  320  m. 
station  22.50  m.  wide,  witlt  u  supplemL-utary  side  basin  at  its  point  of  con- 
nection with  the  canal.  Unc  side  of  the  main  bsain  hss  a  wharf  (8l80  m. 
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ftbove  the  water's  stirfiAce)  with  two  loading  hoppers.  The  other  side  is  used 
for  diMharging  props  and  for  loading  ooke  from  the  oyens,  in  which  the 
camiMUiy^  ooal  is  bnmt 

The  Bnuy  Gompany's  port^  in  the  B^thune  township  has  a  barin  360  m. 
by  25  m-,  with  wharfage  on  each  side  2.50  and  3.00  m.  above  water- 
level;  4  ooal-tipe  with  corros^wnding  hoppers  are  used  for  loadin*;. 

An  outer  harbour  240  m.  long  by  12  m.  wide,  extends  lietwoen  the 
b.-viin  ])roper  and  the  subfiidiary  one  at  the  junction  with  the  canal.  The 
slope  of  the  bank  serves  fur  discharging  pit  props. 

The  port  al  Anneiin  (near  B6ihune),  belonging  to  the  Marlee  Mining 
Company,  is  837  long  22.fiO  m.  wide,  and  has  beside  the  laige  basin 
slso  a  supplwientary  mding  water  at  the  jnnctlon  with  cansl.  Along  one 
side  of  fhe  former  is  a  quay-wall  6.10  m.  above  water-level,  forming  a 
warf  on  which  are  two  coal-tips  with  hoppers.  On  the  right  of  these  the 
quay  rises  to  8.30  m.  The  opposite  wharf  is  only  0.60  m.  high  and  is 
used  for  landing  pit  props. 

The  Meurchin  and  Inbergues  stations  belonging  to  the  Meurciiin  and  the 
Fer&y  Companies  are  of  much  lees  importance  than  thoee  already  men- 
tioDed.  The  first  (Henvchin)  measures  190  m.  by  40  m.  only.  On  one  side 
aie  6  hoppeis  similar  to  thoee  belonging  to  the  Lens  Company.  Only  one 
boat  can  be  loading  at  a  time.  On  tiie  opposite  wharf,  40  metres  loBg, 
loading  is  done  by  means  of  baskets. 

The  Isbergues  gtation,  170  m.  long  and  22.20  ra.  wide,  with  2.40  m. 
spring  of  quay  above  water-level  has  two  similar  parallel  wharfs  with 
these  measurements. 

As  to  the  Denain  basins  their  measurements  are  210,  380  and  250  m. 
long  respectively  and  28,  42  and  16  m.  wide.  Hie  two  last  are  used 
QMoially  by  fhe  Ansin  Company  for  loading  ooal.  Their  equipment  con- 
nsts  exclnnvely  of  a  mixer,  a  coal-tip  for  10  ton  waggons  and  8  sta- 
tionaiy  5  tim  cranes. 

MJtMT  OF  PORTS. 
Railways. 

The  vanoos  coal  companies'  whaifki  are  connected  with  the  pits  by 
railways  having  the  general  normal  1.44  m.  gui^. 

In  addition  to  the  qieinal  line  for  truchs  and  waggons  which  are  being 
loaded,  all  waterway  wharfe  are  provided  with  one  or  two  pairs  of 
metals  as  sidings  for  empty  or  for  full  wapponf?,  or  m  stilisidiary  lines 
for  the  gerviee  of  the  stacking  space  for  coal  reserves  or  surplus,  or  attain 
as  shunting  and  sorting  hness.  Thanks  to  these  last,  waggons  may 
be  forwarded  from  the  colliery  in  any  order  and  without  attention 
to  the  special  making  up  of  trains  according  to  nze  and  quality  of 
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coal.  The  sorting  of  the  waggons  to  rait  the  shipments  to  be  made  will 
be  done  tit  the  port. 

The  ftnrangemcut  and  organisation  of  the  system  of  lines  generally  will 
vary  greatfy  in  different  ports;  it  is  impossible  to  formulate  a  general 
rule  as  an  examination  (if  the  annexed  plans  will  make  evident.  (See 
Plate  T  for  the  various  systems  adopted  by  difTprent  companies.) 

Also  tilt'  quantity  of  produce  it  is  pDSsible  to  luad  directly  or  to  store 
will  depend  gretitly  on  the  space  tlic  companies  can  dispose  of  at  their 
wharfs.  At  Denain,  ^inee,  Beuvry,  B^tbnne  (Bruay)  there  ia  large 
supplementary  etaekii^  and  storage  space.  The  Bniay  oompAnies  in  parti- 
cttlar  have  put  up  roof  shelter  for  20,000  tons. 

The  syetem  of  lines  and  sidings  is  generally  arranged  on  one  and  the 
same  level.  At  Violaines  (B<5thune  mines)  and  at  Annezin  (Maries  mines) 
a  trradieiit  allows  of  the  sorting  and  classing  of  trucks  at  the  least  pos- 
sible cost.  The  line  servint^  the  hoppers  has  equally  in  some  cases  a 
slight  gradient  permitting  of  easy  working. 

At  the  B^thane  wharf  a  gradient  of  8  in  1000  near  the  loading  tackle 
Ms  away  to  8  jn  1000  at  the  fax  end  of  the  sidings.  At  Violaines  the 
gradient  Is  7  in  1000.  Again  at  the  Denain  wharf  tibe  ooal  laden  tracks 
are  taken  to  the  tippers  by  means  of  a  gradient  of  8  in  100 ;  there  is  a 
stationary  engine  supplying  traction  power  by  means  of  a  cable. 

On  the  Annezin  wharfs  (Maries  mines')  the  rise  Ls  oO'KXXKi  from  the 
beginning  of  the  storage  and  manouuvriug  spaces  to  the  tirst  tipper,  and 
increasing  to  oo/lO.tKV)  between  itself  and  the  second,  the  two  being 
110  m.  apart ;  for  I  he  next  410  m.  the  gradient  is  88/10,000.  Loaded 
trucks  after  having  been  run  to  the  end  of  the  ways  &11  by  force  of  the 
gradient  either  to  Uie  loading  points  or  to  the  ridings  as  required. 

LOADINfi  AND  UNLOAOINa  APPLIANCES. 

Colliery  owners  have  lieen  led  to  seek  the  most  expeditioua  mechanical 
means  for  quick  loading  of  large  quantities  of  coal;  in  this,  expense  for 
hand  labour  was  to  be  reduced  to  its  lowest  and  breakage  of  coal  to  be 
avoided. 

In  a  general  way  this  last  ruquirenmit  has  restrieled  tiie  use  c^macbine 
work  to  small  and  mixed  or  nnolassed  qualities;  for  oobble  and  large 
coal,  baaketa  and  barrows  are  uaed. 

CnuMt. 

Loading  by  cranes  is  now  little  in  vogue. 

The  Douchy  Company  have,  it  is  true,  at  their  Lourches  whars  2  steam 
cranes  capable  of  loading  600  tons  in  12  hours;  alao  a  fixed  S'/^  ton 
and  a  travelling  6  ton  ocane. 
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* 

The  koigak  oompany  h«v«  efeeked  fox  the  service  of  their  Vieux  Cond^ 

wharf  two  3  ton  steam  cranes. 

At  Donain  tlio  greatest  weight  of  coal  is  loaded  by  means  of  a  mixer 
and  a  coal-tif)  which  will  be  referred  to  later;  but  there  are  also  three 
available  5  ton  steam  cranes  each  cftpable  of  loading  300  tons  in  10 
hours;  these  cranes  have  each  a  pair  of  couuter-balancing  arms  of  equal 
length;  whilst  <nie  arm  discharges  into  the  boat  one  box  of  from  10  to 
15  hectolitre  of  coal  the  other  arm  takes  up  another  load  from 
the  quay. 

At  the  Harnes  whaif,  the  Courri^res  Company  have,  besides  two  hop> 
pers,  also  3  Chretien  cranes  loading  300  tons  in  10  hours,  for  cobble  coal. 
The  coal  is  brought  from  the  pita  in  1  ton  hinge  bottomed  tubs  on  sidohi^H 
platform  waggons j  the  crane  lifts  and  dischaiges  one  tub  at  a  time  into 
the  boat. 

LMilag  Hoppers. 

The  greatest  weifi^t  ci  coal  is  shipped  by  means  of  fixed  shoots  or 
hoppers  of  more  or  less  perfeot  otmstruotion,  under  which  the  boats  are 
brought  into  touch  with  the  kaded  waggons  serving  them  from  the  quay 
metals  (1). 

On  the  Isbergues  wharf,  the  Ferfay  and  Anchy  Companies  employ 
spades  in  discharging  10  ton  waggons  pushed  also  by  the  workmen 
into  touch  with  the  G  shoots. 

On  the  Gayant  wharf  the  Aniche  Coinpauy  has  tixed  2  hoppers  at  the 
upper  end  of  a  platform  7  m.  high;  the  coal  is  brought  in  small  1  ton 
tubs  or  waggonst  which  by  the  rteam  crane  axe  lifled  to  the  platform 
b«ght  and  mnptied  into  the  hoppw. 

The  Ottrifiourt,  ThiTencelle  and  Frssnes-Hidi  companies  have  contented 
themselves  with  a  less  elaborate  arrangement  of  rused  platforms  with 
hop|)er8  on  to  which  are  run  4  ton  waggons  and  by  a  hand  worked  lever 
tipped  into  the  hopper. 

LOADINB  AND  UNLOAOINe  APPARATUS  ON  IMPORTANT  WHARFS. 

We  will  examine  the  arrangements  adopted  uu  wharfs  fitted  out  with 
considerable  plant: 

1.  for  quays  and  shoots; 

2.  for  tipidng  waggons  (3); 

S.  for  Aunting  waggons  and  finally  for  boats* 


<1)  In  two  instances  travelling  hoppert  on  platform  trucks  have  been  adopted:  by  ttie 
Canrin  Company  (^CoorrUrw  wharf)  and  with  the  use  of  spidei  fx  diacbartpng  10  tou 
waggons  of  normal  builii ;  also  by  the  Kscarpelle  and  Courculle  Company  who  UM  small 
4  ton  shunting  waggons  and  a  travailing  ooal-tip  on  wheels. 

(2)  We  remark  that  part  of  the  produce  fkrom  the  Amin  Oo^  mines  is  loaded  in  the 
Denaio  branch  bMin  by  means  of  a  littxer. 
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Hoppers  and  ooal<tfpi. 

(Su  Flate»  11,  III,  and  IV). 

Loading  shoots  may  be  dividod  into  two  clameB: 
a.  fixed  hoppers,  which  may  be  prolonged  by  a  balanced  moveable 
hopper  standing  on  a  raised  platform  (Lens  Company  (1),  Li^vin  and 

Maries  Company). 

6.  tixed  hoppers  on  low  quays  (Ansin,  Ck>arridres,  Noeuz,  Bruay  and 
Dourges  Companies). 

Tlie  Hvstems  adopted  for  tipping  iimy  alao  be  divided  into  two  classes: 

1.  For  waggons  to  carry  10  tons  (Anzin  Company);  the  Den^n  wharf 
and  those  belonging  to  the  Thiers,  Bmayt  Bethane,andMafleBComi>anieB} 

2.  For  tipping  waggons,  the  tippii^;  being  ^Esoled  by  means  of  a  chain 
geared  dtiier  to  the  shunting  engine  (see  the  Lens  Company's  locomotive 
steam  crane)  or  to  a  vertical  fixed  engine  (Li'vin,  and  C'ourriftres  Com- 
panies) or  even  to  a  hand  crane  (Noeux  and  Dourges  Company). 

Handiing  of  Waggons. 

The  Lens  Company  have  fixed  along  their  special  loading  quay  47 
hoppers  coupled  together  each  of  which  is  exactly  the  width  of  a  waggon, 
BO  that  one  waggon  being  put  in  position  opposite  its  hopper  the  whole 

train  mny  he  tipped  without  again  chanfrfnp  the  position. 

Elsewhere  the  mim^ier  of  hoppers  and  of  tipping  appliances  ini  limited; 
there  i?  but  one  apparatus  for  transhipments  at  the  Denain-Fosse  wharf, 
and  at  those  of  Thiers,  Anzin,  Eleu  (Lievin  mines). 

The  Noeux,  Bethube,  Courridres  and  Maries  collieries  have  two  on 
their  wharft  at  Beuvry,  Violaines,  Kunes  and  Annesin. 

The  Douiges  and  the  Bruay  Companies  have  respectively  8  hoppers 
and  4  coal-tips.  Under  these  circumstanose  each  waggon  must  be  brought 
successively  to  the  hopper  or  the  ti]).  ^ 

As  ,we  have  already  seen  ;i  certain  number  of  the  Companies  have 
given  a  more  or  less  pronounced  gradient  to  the  quay  lines  of  rail;  the 
waggons  can  easily  be  moved  by  hand;  this  plan  has  been  adopted  by 
the  Anzin  (Denain  wliarf)  Company,  by  the  B^thune,  Bruay,  Maries  «id 
Dourges  collieries.  On  the  Benvry  wharf  (Noeux  mines)  horses  are  used 
to  move  the  waggons. 

The  Lievin  and  Courri^res  mines  have  a  small  steam  engine  for  the 
purpose,  in  the  building  of  which  are  the  tipping  appliances  for  the 
tipping  waggoDSf  the  20  waggons  which  form  each  train  are  attached 

(1)  The  Meurchin  Company's  arrangements  are  attniUr  to  those  of  the  Lens  Company. 
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to  two  cables  winding  in  opposite  directions  on  the  drum  of  the 
engine;  a  gearing  lever  by  thiii  means  allows  of  the  train  being  moved 
fbtfnads  ot  backwudB. 

Haidling  of  BMts. 

Thanks  Ui  ihe  existence  r»f  cunveniently  arninged  hop[Kjr8  at  the  Vendin 
(LeiiB  uiines)  wharf  no  diihculty  is  found  in  handling  the  boats;  the 
master  and  his  men  manoeuvre  them  with  »treme  ease.  Where  there  is 
bat  one  hoppM  with  which  to  do  the  whole  of  the  loading,  as  often  is 
the  ease,  the  question  is  yery  di&cent;  time  is  wasted  and  expenses  by 
the  employing  of  hand  labour  considerably  increased. 

To  remedy  this  last  inconvenience  the  Courri^res  and  the  B^thune 
Companies  have  adopted  n  system  of  towinp:  which  i«  almost  identirnl 
with  that  of  which  details  are  given  in  the  drawing  relating  to  the 
B^thune  mines  (Sec  Plate  IV). 

Along  the  quay-wall  there  is  connected  with  a  steam-engine  an  endless 
chain  sapported  by  nSkm  and  pulleys ;  these  latter  comprise  three  loose 
pulleys  on  one  and  the  same  shaft  of  which  the  central  <Hie  is  intended 
to  receive  the  diain  and  turns  consVuitly  in  the  same  direction;  two  brass 
screws  on  the  shaft  allow  the  two  side  inill*  ys  to  he  put  in  motion  by 
simple  friction  with  the  central  pulley;  a  cable  runs  from  this  arrangement 
of  pulleys,  it«  two  loose  eiv^B  hi  int^  attai  lied  to  the  stem  and  the  stem 
of  the  boat  and  enabling  it  Uj  lie  moved  backwards  or  forwards. 

The  Maries  Company  also  has  a  system  of  manoeuvring  its  boats  by 
means  of  an  endless  stedl  cable  (0.02  m.  diameter)  on  a  drum.  This  cable 
runs  along  the  quay  wall  about  the  height  of  the  boat;  to  take  the  boat 
forwards  or  backwards  a  short  length  of  cable  running  from  bw  roust 
be  attached  to  the  end  of  the  quay-Cable  correaponding  to  the  direction 
desired.  (See  Plates  U,  III,  IV). 

The  detailed  drawings  of  hoppers  and  of  tipping  gear  and  material 
ai  i  n  xi  d  to  this  d^cription  will  complete  the  brief  account  of  the  plant  owned 
and  worked  by  the  various  colliery  companies.  The  want  of  space  in  this 
paper  does  not  however  enable  us  to  give  details  respecting  each  company.  (1) 

We  have  thought  it  better  to  group  the  matter  as  we  have  done,  so  as 
to  shew  the  general  plm  and  at  the  same  time  the  analogous  as  wdl  as 
the  distinguishing  features  of  each  system. 


(i)  Till'  iifTlchl  programnie  of  the  V*^  Intfniati.in.il  Iiil;ui(1  Navigation  Contrn'^s  i  ()iii;ijM- 
a  deUiled  description  of  the  Vendin  <Lcns  mines)  Uethune  (lii-u»y  otines);  and  Anueiin 
(iNsr  Bfthojie  HiikrlM  mines)  wharfc  snd  their  equipment.  There  will  also  be  found 
in  it  interf^tinp;  infoi  million  i*;  to  the  I^'ns  Com]i:in\  *s  li(i|.]»er<«,  the  fixed  hoppei-s  with 
moveable  shoots  on  raised  quays  and  the  tipping  gear  of  Messrs.  Fougerat  and  Jaia- 
Villaln  alc^  etc 
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We  wUl  oonfine  ounelves  to  a  brief  deecripti(m  of  the  mixer  used 
on  the  Deiiain  wharf  (Anun  Company)  which  servea  for  the  direek 

loo'ling  of  coal.  The  apparatus  oonsistH  of  two  })uckete  placed  in  opjMsIte 
directions,  but  by  varying  the  number  of  these  and  the  working  speed 
din"  r<  nt  combinations  and  resulta  may  be  had.  Tbf  hnckcts  are  fed  by 
hoppers  into  which  the  coal  brought  by  waggons  is  lifted  either  by  hand 
or  mechanically.  In  the  buckets  the  coal  is  carried  upward  and  poured 
into  an  endless  belt  or  apron  and  from  thence  into  a  10  ton  hopper  placed 
between  the  mixer  and  the  boat 

Gonfiarltoii  of  tin  DHhrant  Syttiiiit  of  Loadtag  Plml. 

E:ich  of  thf  several  syHtems  has  its  advantages  ami  its  disadvantages. 

The  coujjle'l  hoppers-  aflopte<i  by  the  Lens  company  allow  of  one  or 
several  Wats  being  loaded  in  a  very  nhort  time.  This  system  alst.)  reduces 
the  time  spent  by  loaded  waggons  on  the  quay  and  thus  eliects  an 
economy  on  the  lulling  etodt  aceonnt  The  sorting  and  classing  of  wag- 
gons  ia  simplified  if  not  altogether  done  away  with.  On  the  other  hand 
the  first  cost  of  the  plant  is  conaideiably  greater;  it  must  be  mentioned 
that  two  fixed  hoppers  properly  fitted  up  suffice  for  handling  3000  tons 
a  day. 

Fixed  hoppers  with  moveable  phoot?  on  raised  quiiys,  such  as  exi^t  at 
the  Lciiii  ctJUipany  e  quav  stem  to  be  superior  to  the  low  quay  «ystem 
and  have  been  adopted  by  ail  the  recently  equipped  wiiarts  (Lievin  and 
Maries  mines).  In  our  estimation  too  it  is  advantageous  to  give  the 
quay  service  lines  of  nulway  a  gradient  sufficient  to  facilitate  the  shunting 
and  manipulating  of  empty  or  fiiUwsggons.  Also  it  is  well  to  have  a  method 
which  should  be  as  simi)le  as  possible  of  manoeuvrii^  the  boats. 

As  to  the  tiitjiin^'  of  coal  we  fear  to  pronounce  ourselves  upon  the 
different  systeuis.  In  188.5  t!ie  T.ievin  (  V>llif  ry  Company  preferred  and  adop- 
ted the  hinged  body  system  of  waggon  and  spec  iallixrd  lipping  machinery; 
the  company  sacrihced  the  advantage  of  mobility  of  lever  apparatus  which 
the  use  of  locomotive  craues  as  used  by  the  Lens  Company  neceesltates; 
the  tipping  machine  proper,  being  thought  less  suited  to  their  needs,  iras 
not  adopted.  On  the  other  hand  the  lliarles  Company  adopted  in  1889  a 
tipping  arrangement  which  is  found  extremely  satisfactory;  its  movement 
is  eased  and  regulated  by  the  <  (>)iiliiii('d  action  of  a  differential  pendulum 
and  a  hydranlic  break.  We  ou^dil  alsti  to  add  that  tlie  Atizin  Mines  Com- 
pany, who  it  is  true,  liavi'  but  an  imperfc  t  plant,  purpose  j^ivingnp 
(heir  tipping  apparatus  (^me  Plate  IV)  whicii  iliey  lind  causes  a  deterio- 
ration of  the  waggons  by  the  return  of  the  cradle;  they  estimate  there 
is  advantage  in  a  fixed  cradle  and  intend  to  adopt  the  moveable  body 
but  fixed  platform  system  of  waggon;  they  calculate  that  the  time  required 
per  waggon  discharged  can  thereby  be  reduced  from  6  to  3  minutes. 
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Dkily  LOAllllO  power  and  Tfme  required  fur  loading  a  penvcha  of 
270  to  300  tons  on  different  wharfs. 

All  the  Colliery  Ck>fniMiue8  have  appiiMtus  capable  of  handling  amuoh 
larger  tonnage  than  is  actually  met  with. 
The  following  table  givee,  for  the  largest  companies,  the  loading  power 

per  day  per  machine  and  for  the  whole  wharf,  a*<  well  as  tlie  time 
occupied  in  loading  a  boat  of  from  270  to  300  tons  (minimum  and  average 
time  under  ordinary  conditions). 


Coopanieft. 

Main  Wharf. 

Kind  aad  number 

of 

Vwmal  power 
per  10  hour  day. 

Tiino  oocupied 
in  loading  a  boat 

of 

270  to  300  torn. 

Applionoefl  used. 

per 

ni  iki^li  in  a:i 

JUttC  II 1 IIV* 

for  the 
whole 

wharf. 

MinimuD 

Average. 

DiMiTges 

$  hoppen 

Toun. 
880 

Tona. 
1050 

llourii. 
6 

Hours. 
9 

Coani&res . 

Barnes 

2  n 
8  onuiee 

1000 
800 

2900 

8 
2 

8 

8(1) 

I411S .   .  . 

Vendio 

47  hoppers 

800 

8500 

Mthmie 

Yiolaines 

9  hoppeiB 

1350 

2500 

2X 

Xoax   .  . 

Benvry 

a  n 

1100 

8200(2) 

8 

2H  to3 

Bnwy   .  . 

Mttraae 

1  eoal«tip 

1000(8) 

4000 

3 

Jhdes  -  . 

Annenn 

«  n 

1800 

2600 

I'A 

2V» 

UMa  .  . 

Elea 

1  hoppor  (4) 

1290 

12B0 

1V» 

2'/. 

1  ooal-tip 

900 

2 

9H 

DanaiB 

t  mixer 
3  oranee 

500 
800 

8300(5) 

10 

kuSin    .  . 

EdoIm 

400 

400 

Thiers  miae 
Tienz  ConiU 

t  ooal-tip 
3  oranee 

no  infor- 
mation. 

Aaiolie  .  . 

Oayant 

2  . 

* 

500 

6 

Doneh  J  .  . 

Lourefaes 

8  n 

875 

550(6) 

U 

ObaervtUion». 


(1)  WlthSenainwoik- 
Iny  «t  the  simetloMhS 
bMitfl  ceo  be  I 
■imolUBmulr. 


(i\  Not  tui-li|rliUK  oual 
ftiid  brliiiu'ttv*  loaded 
)>y  baud. 

(3)  Daily  lukdiUK  pOW- 

NT  mag  (aeMiUBg  to 
Ur.  Fouohut)  •Rain 

150O  ton«:  300  tons  pttr 
Lour  bM  bt>eii  re»cliH<l. 

Ml  Ti>  IniTcase  work 
•  1at«ir,  s|i«o<i  for  a  swond 
hopper  lia.s  Ijwn  rcner- 

(.'■.)  Not  coiintliiK  nOO 
tons  of  briquet ti  s  uii  l 
larifo  foals  loail"-!  'ly 
tuuid  Of  by  iUoplng 


(6)  Coke,  wblcb  Is 
loaded  tqr  liaad,  la  not 


Handling  of  Largo  Coal,  Nuts  and  Coke. 

For  luge  coal  machine  loading  is  not  generally  available  on  aooonnt 
of  the  eroeaaive  breakage.  For  this  reason  the  minority  ctf  ooUiery  com- 
par\ic^  have  not  found  it  expedient  to  altogether  renounce  a  less  rough 

method,  or  to  givt;  uj)  hand  labour. 

We  have  already  seen  that  the  Anzin  and  the  Cuurri^rea  Companies 
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make  use  of  steam  cranes  in  addition  to  their  hoppers  and  tipping 
machinmy.  These  cvAoee  are  especially  employed  for  nuts  and  for  ooke. 
LiMge  ooal  is  loaded  by  hand  briquettes  down  an  inclined  wooden  shoot 
heoB  Company  have  oranes  for  the  sernoe  of  fheb  ooke  ovens. 
But  the  Doucby  Company,  who  convert  the  greater  part  of  their  output 
into  coke,  employ  men,  as  do  also  the  Noeux  Company. 

S[>eaking  generally,  imis  as  well  as  briquettes  arc  loadcl  ))y  hand.  The 
time  occupied  in  loading  a  boat  of  ikH)  tuns  burden  may  thus  be 
estimated  at: 

vtht,  targ*  «(ral  mi4  iiiita  W  iHHin 

•  brl^Piatte*  T« 

For  discharging  by  hand  (cual,  tar,  prope)  a  300  ton  boat,  20,  25  and 
30  hours  is  the  time  generally  allowed. 

FlrttCoattrOUftrsnt  PUst 

By  way  of  information  we  think  it  of  Interest  to  know  the  total  cost 
of  eqiiijiping  a  certain  number  of  the  ports  mentionwl  in  thiH  paper. 

The  Bfuvry  wharf  loading  and  unloading  plant  and  apparatus  generally 
(water  basin  not  includeti)  cost  the  bum  of  fr.  280,000. 

For  basin,  wharf  apparatus  and  railways  the  B6thuDe  Company  has 
spent  nearly  a  millimi  of  ftancs. 

The  Li^vui  Collieiy  Company^s  outlay  between  1885  and  1888  amounted 
to  fr.  410,000  for  its  Bleu  wharf. 

The  plant  on  the  wharf  belonging  to  the  Maries  Company  dating  from 
1889  cost  fr.  1,060,000. 

Tilt  Silt  tf  the  Several  Wharft. 

The  staff  employed  varies  according;  to  the  nature  and  magnitude  of 
the  plant.  We  may  however  cunipare  the  stall  required  in  ditlerent  cases 
for  the  working  of  a  hopper,  a  coal-tip  or  a  crane. 

On  the  Hames  wharf  (Courridres  mines)  each  of  the  2  hoppers  employs 
6  men,  vis.  1  for  the  hopper  itself,  1  for  the  tipping  gear,  1  to  manage 
the  waggons,  and  8  (the  boat-man  not  indnded)  to  distribute  the  ooal 
in  the  hold ;  also  1  man  is  required  for  the  engine  whi(  h  works  the 
chain  l>y  whieh  the  boat  is  towed  in  either  direction.  The  hands  required 
by  cranes  (2  or  at  mof[  '  trc  used  «imnltaneoU8ly)  are:  4  men,  of vvliom 
2  are  on  the  crane,  1  huuker  for  the  tubs  or  bins,  1  man  in  tlie  boat  to 
open  and  shni  tlie  tubs,  also  a  driver  with  horse  to  manage  the  waggons  and 
2  shovel-men  to  stow  the  ooal  in  the  boat;  making  in  all  11  moi  and  1 
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horse.  There  must  also  bv  m<;uUouetl  the  wliarf-maaier  with  his  3 
assistants. 

Oa  the  Vendin  wharf,  the  Leas  Company  t;  normal  staff  consists  of  the 
whuf-mMter  and  his  3  fMistRnta^  1  engine-driver  and  1  stoker  on 
the  looomotive  enuie»  2  couplers  and  1  cleaner  for  the  waggons,  4  men  to 
woA.  the  hoppers  (screens  and  shootsX  ftnd  9  stowers  to  receive  and  dis- 
tribute the  coal  in  the  boat. 

The  staff  at  tho  \  iolainee  wharf  comprises  9  engine-drivers  and  labourers 
for  each  hopper,  of  whom  8  are  employed  for  tippinjj  and  diBposinp  of  the 
wagpons,  1  for  the  hoppiT  and  5  on  the  boat;  one  of  these  o  sui)erii'i tends 
the  loading  aud  manager  tlm  bout,  whilst  the  other  4  stow  the  coal. 

On  the  Beuvry  whar^  for  each  hopper  there  are  8  men  and  2  lM»sea. 
To  load  by  hand  in  80  hours  16,  20  and  38  men  are  employed  for 
ooke,  large  coal  or  nuts  respeetiveiy. 

The  Bruay  Company  have  10  men  jier  hopper,  2  for  the  loaded  and  the 
empty  waggons  and  6  for  the  boat  and  stowage.  Besides  these  must  be  men- 
tioned the  mechanic  in  charge  of  the  hydraulic  machinery  and  the  whaif* 
master  and  his  assititaiit-s. 

On  th(^  Annuziu  wlmrf  the  Maries  Company's  stall  is  (1  hopper  only  is 

uerally  at  work)  11  men,  of  whom  4  are  employed  for  the  hopper 
(2  for  the  working  and  2  to  handle  the  waggons)  and  7  boat-men. 

At  the  Li4vin  mines'  wharf  B  men  euffioej  of  whom  3  are  in  the  boat; 
the  8  others  manage  the  machinery,  hook  on  and  off  and  work  the 
hopper. 

T^astly,  if  thtre  he  taken  into  account  the  relative  importance  of 
the  weight  of  coal  handled  at  each  wharf  and  the  fact  that  the  stowers 
are  cliargeuhle  to  the  boat's  account  (fr.  0.03)  per  ton  it  will  be 
aecsD  that  the  working  expenses  do  not  greatly  vary  from  port  to  port. 


Cost  of  Loading  per  Ton. 

As  to  total  cost  per  ton  ioa<led,  it  is  difficult  to  obtain  precise 
lesulfl  which  may  He  compared.  According  to  the  Company's  distribu- 
tion of  cost  over  such  or  such  other  constituent  elements  (stowage, 
handling  and  working  of  waggons  between  pit  and  wharf,  maintenance 
of  ways,  care  of  machinery,  basin  and  petty  expenses,  etc.)  a  eonsi- 
dwably  different  figure  will  be  arrived  at.  We  estimate  hawwer  that 
from  fr.  0.10  to  fr.  0.12  includii^  all  expenses,  except  interest  on  nnking 
lbnd»  may  be  taken  as  the  avcrs^e. 

Tn  a  statement  issued  hy  Mr.  Viola,  menaging  engineer  of  the  Li<?vin 
mines,  we  find  fr.  0.0-115  given  a.s  the  coHt  ])cr  ton  h)a(led ;  this  applies 
to  an  annual  total  of  130,(XX)  tons  and  is  made  up  as  follows:  ' 
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Ihnval  Ikboar  and  IwaliDg     .     .     .     .     fr.  AMIS 

Wufti'ii--'  materials  iiiul  <!<ml .  ...  »  0.(1073 
Care  uf  plitui  <uid  guudrics     ....       -  iWlMt 


fr.  O.Wl.i 


Mr.  Viola  also  adds  that  tht^  expiMi^'^s  would  remain  nlraoet  the  same 
nvcn  with  an  increnscd  tonnii^'e  jiiul  that  fr.  0.032  per  tou  embarked 
luight  be  regarded  as  the  average  price. 

The  BIarl«8  SGum  Company  hat  made  dmilM  quotetions ;  their  figures 
are  for  the  year  1893»  and  for  a  year's  total  of  240,000  tons  give 
f  0.0662,  as  follows : 

MiMi«s«mnit  and  hawdMm  «f  wamoii    .     .  Ir.  QMW 

CtTv  of  plunt  aud  vnrlous  niatcriuLs  roujiumed  •  0.0U7H 

UeUfrai  uspouscx,  Nup4>riutctidaact',  cUu       .......        •  0.03lii 


It  must  be  added  that  those  results  do  not  include  the  cost  of  stowage 
and  armnfriiig  of  carpo  in  the  ho:\t,  whirh  is  paid  by  the  ownor  by  his 
being  dei)ited  with  fr.  0.03  per  ton.  The  cost  would  be  Id  reality  fr.  0.07 
or  fr.  0.085  jier  ton. 

The  Lens  Company  names  fr.  0.06  (of  which  fr.  0.03  is  for  distributing 
and  stowing)  as  the  price  per  ton  loaded. 

The  Dourges  Mining  Company  quote  for  band  labour  alone  f  0.068. 

The  B^thune  Company's  figure  for  total  expenses  per  ton  is  somewhat 
higher  than  that  of  the  Li^vin  and  the  Maries  Oompanies.  It  is  fr.  0.1249 
made  up  as  follows: 

I.oDiltii;;  projx'r  (l:iV>^)r,  ino1u<llni;  ttowji^i'l  fr.  OlIMO 

Vettf  espcttse*  Atwodant  upon  loading  coal  (saperiuUmdencej  and  weighing  of  wagguntt 
tow^,  eaffti»drlT«r,  natertels  naed,  vKtn  laboar  for  torne  eoal  and  nata    ....      «  flUMM 

Maliitt  nuiico  and  (,'i>iii'ral  o\|M>rs<  -i.  i>-xroj)t  Intorp-it  itii  faiilt.-s'i  MKitntoiiar.w  of  Uaxln.  luiii- 
iiatt,  cart)  uf  bultdluj{j»,  Mlatf,  iniiuii>iiUittu£  ami  iiurliuK  uml  vliuutlug  wa^guus  uu  aiidli)g«, 
lighting,  0ob1  aUowancaa  to  workwtti,  ota   «  OMM 

The  detailed  list  of  it*ima  given  under  the  total  of  fr.  0.0715  seems  to 
justify  the  divergence  between  the  somewhat  large  round  figure  of 
0.1249  and  the  0.070  and  fr.  0.085  given  by  the  Lt4vin  and  the  Maries 
Companies.  It  is  iwobable  that  these  latter  have  not  included  in  their 
estLmate  all  the  items  above  mentioned,  but  have  carried  them  to  the 
pit's  general  iK-couiit--^. 

We  have  already  given  the  Maries  Mining  Companies  estimate  of 
rnst  per  ton  fmharkcd  in  1893  (the  hasin  dates  from  1889),  fr  0.05')2. 
liclore  corapletiug  tlieir  new  wharf  the  (igure  was  fr,  0.4458.  This  rate, 
applicable  to  the  152,000  tons  of  1SS7  is  thus  distributed  viz.: 

Fnr  ;-aiHu«  Into  bont  i  by   fr.  OSWa 

Kor  malutt'OBiicv  of  m|>i«aratUB  and  fur  various  luaWrtiUA  uuiuumcd  .  .  OSWi 
Oeoml  aotMuaaa   •  IMSM 


The  Drouoourt  Cuiii^.;.iy   who  have  no  special   plant  and  who 
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load  wilh  barrows  at  the  public  wharf  of  Pontu  Vendin  pay  fr.  0.24  per 
ton  for  labour. 

B.    PORT  0£  MONTCEAU-LES-MiNES. 
(Blakzy  Mining  Company.) 

For  thp  purpose  of  comparing  and  contrasting  it  with  those  put 
df)wn  by  the  colliery  companies  of  T.c  Xord  and  Le  Pas  dc  Calais 
let  us  now  look  at  the  mure  limited  plant  at  the  Montceuu-les-Minffl 
wharfs,  belonging  to  the  Blanzy  Mining  Company,  whence  400,000  tons 
of  coal  aie  umually  Bent  away  by  the  river  waterway* 

The  eharactenstic  feature  of  ttkia  port  is  the  abeolate  pndommance 
of  hand  labour,  by  whioh  means     of  the  total  tonnage  is  manipulated. 

The  Blanzy  Mines'  private  port  at  Montceau-les-Mines  is  situated  on 
the  Central  canal  and  consists  of  a  basin  520  m.  long  and  18  m.  wide, 
lying  parallel  to  the  navipablp  waterw?\v  This  basin  opons  into  the 
canal  near  n  public  banin  800  m.  long,  which  serves  as  a  mooring  place 
for  empty  and  loaded  boats. 

The  Company's  dock  is  served  by  normal-guage  service  lines  put  in 
connectkm  with  the  Blanzy  Railway  Co'b  main  eystem;  moreover  a  mvd- 
titude  of  narrow  guage  iinee  run  in  different  directions  on  their 
ground-space  and  into  their  workshops  (see  Male  VI). 

The  annexed  plan  shews  the  general  direction  of  these  lines,  whose 
complex  details  present  no  interest  from  the  point  of  view  now  occu- 
pying US. 

Most  of  the  Nord  and  Pan-dp-Calais  oollieriea  have  the  sorting  and 
screening  of  coal  done  at  the  pit  head.  The  Blanzy  Company  on  the 
contmry  have  concentrated  their  apparatus  and  work  near  the  port; 
they  have  these  their  compressed  tAt  machinery,  three  screens,  the  bri- 
quette making  appliances  etc  These  extend  along  one  bank  <^  their 
basin,  the  opposite  one  is  used  as  staoking  ground  and  storage  space  for 
their  coal  (see  plan). 

The  whar&  are  formed  by  low  quay>walis,  0.80  m.  above  normal 
water-level. 

The  plant  properly  so  called  of  the  port  comprises: 

1.  The  Railways,  normal  and  narrow  guagcs,  above  mentioned. 

2.  The  screens,  from  which  the  coal  is  discharged  into  small  wag* 
gons  holding  two  hectolitres  and  from  thence  runs  upon  staging  to 
the  hoppers  and  is  loaded  directly  into  the  boat;  or  25  hectolitre  waggons 
are  used  and  directed  either  to  the  storage  ground  or  run  over  a  vertical 
hopper  on  one  of  2  wooden  platforms  spanning  the  basin  and  are  hy  the 
hopper  loaded  into  a  boat;  a  40  metre  special  loading  stage  on  pillars  is 
also  used  (see  G  in  plan). 

3.  The  above  mentioned  staging  with  hoppers  by  which  the  2  hec- 
tolitn  waggons  are  discharged  by  simply  tipping. 
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4.  The  vertical  hopper  and  the  special  loading  stage  alao  already  mentioiied. 

6.  A  battery  of  special  gear  worked  by  a  traii8iDi8[do&-riiaft  for  unload- 
ing the  tar  oaed  in  making  briqnettea;  eadi  piece  takes  a  nnall 
tub  or  waggon,  carries  it  down  into  the  boat's  hold  (where  it  is  filled  by 
hand)  and  brings  it  V)a(  k  to  the  quay  line  of  railway  skirtiDg  the  basin. 

6.  A  2  ton  cmne  for  loading  coke. 

All  the  nuH^hiinical  appliances,  with  the  oxcejition  of  the  tipping 
waggons,  are  somewhat  complicated  and  heavy  working. 

Ab  already  said  the  greatest  part  of  the  ooal  is  not  embarked  at  once 
from  the  screen,  but  stacked  and  stored  on  the  opposite  fride  of  the 
basin;  thence  the  ooal  is  later  taken  to  the  boat  in  wheel-barrows  and 
loaded.  Cranes  ar(  used  for  putting  coke  on  board.  Briquetteft  are 
passed  from  hand  to  hand,  or  glided  down  an  inclined  wooden  plane. 

In  the  following  table  \\f  have  grouped,  for  oach  of  the  principal  items 
of  port  maiutenanre.  the  details  furnished  us  with  regard  to:  1.  lime 
occu])ied  in  loadmg  or  uuloading  the  dillerent  types  of  boat  in  use  on 
the  central  canal i  2.  hands  needed  for  the  work;  3.  the  cost  per  ton 
loaded  or  unloaded. 


Tonnage 

Time 

GOODS  HANDLED. 

«r 

Itoats. 

IvOading 
or 

Unleadmig. 

Sua 
occupied. 

Cost 
per  ton. 

OBSESVATIONS. 

Tam. 

1.  Unlvtuling  : 

Tar,    unloaded   by  meajw 

1  to  B  days 

Ctto  18 

of  waggon  lifting  appliance 

according  to 

workmen 

above  mentioned.  .  .  . 

lao 

staff  engaged. 

1  foremen. 

Loaded  by  vertical  bopper 

on  wharf,  or  by  staging 

oil  {ilatform(25  hectolitre 

waggons)   

ISO 

5  hours 

6  men 

•  ftOT  (1) 

(I|  The  «oat  eaent*  hnpu  tbr 

840 

»  . 

Ubm  tlMooal  Iwvve  Qia  aerrao. 

l>oaded    directly  Itom 

Screen,  by  means  of  the 

2  hoc  waggon*  .  .  . 

«5 

4  » 

8  « 

150 

7  . 

14     »  , 

»  0.10 

TUt«  c^Mt   U  lu«  from  tbr 

240 

10  » 

almost  oMlmlvs  vw  of  cfaUdna 

14    »  ' 

for  tbto  work. 

Stacked  on  the  storing 

1 

space  and  later  loaded 

by  w.  barrow  .... 

65 

8  » 

150 

7  • 

12     »  1 

,  0.25 

S40 

10  » 

1 

Ooke  loaded  by  the  crane  . 

.  0.75 

•  0.40  (3) 

(3)  TtUs  c«st  Is  uk  Avenge  oar 
«lMa«r  l)vti|««t(M  CMiaoa  nutottoa: 

tB  Mit. 

i^iyui^co  Uy  Google 


38 


Seeing  the  inijx>rtance  of  traflii;  it  might  by  asked  whether  there  would 
not  accrue  to  the  company  an  advantage  by  a  reduction  of  the  expense 
for  hand  labour  inclined  by  Btaekiiig  coal  and  idooding  by  wbeel-bnroTr, 
or  at  least  in  some  meaBare  to  improve  the  loading  applianoea. 

It  must  be  admitted  however  that  the  extremely  soft  and  crambling 
nature  of  the  coal  would  scarcely  allow  of  the  use  of  hoppers  with  a 
deep  fall  ae  used  in  Le  Nord. 


m.   VARIOUS  INDUSTRIAL  PORTS. 

M  »r  Mtruval.  (Plate  YI.) 

This  port,  dtoated  on  the  Upper  Mame  canal,  at  3  kilometres  from 
St.  Dizier,  serves  tour  blast  furnaces  and  one  r*  HIt^l'^  tnill  belonging  to  the 

Champagn*'  Forp;f»  rompany.  This  Company  at  the  mmf  time  has  a 
concession  for  IIk-  St.  Dizier — Vassy  canal  coiistrueted  at  its  own  expense 
for  the  service  of  lia  mines  at  Pont  Variu  near  Vassy. 

The  Mamavol  wharf  is  560  metres  long.  It  consists  of  a  siding  along 
the  upHBtream  tow-path  obtained  by  a  simple  widming  of  the  main 
waterway ;  its  surfiAce  width  beyond  the  eaaal  proper  is  only  2  metres 
for  a  distance  of  290  m.  bordered  with  quay-wslls,  and  6  m.  for  adislBiioe 
270  m.  with  sloping  bank.  The  ground  space  available  is  about  20  m. 
wide  and  prcsenls  an  area  of  a  little  over  one  hectare.  There  is  beyond 
this  another  half  hectare  which  might  lie  made  utilised  for  storage. 

The  188r,  port  tonnage  of  l»«i,131,  became  242,430  in  1892.  and 
243,940  tons  in  1893. 

The  242^430  tons  of  1892  were  distributed  thus: 


Dran  

f     ir.ia  Clnilrr  .... 
V.wii,  wroughl,  «cf«|>  aoJ  v*rlons 


1,710 


lMn*ot«   llf  jtn 

Llini'stonp 

GombuttlblcK      ......  »,9W 

OaM  lira   tt|,Ml 

▼aitoDi   *m 


The  applianees  for  discharging  matetlals  oonnst  of  8  hydraulic  oianes 
for  the  service  of  the  wharf  with  quay-waU;  these  oianes  are  on  the 
Antwerp  model,  are  travellerB  on  pivots,  and  lift  I'/s  tons.  Plenty  of  service 
lTne>'  on  the  g^und  space  are  put  in  connection  with  the  BSsstem 

Railway. 

The  permanent  way  for  the  of  the  cranes  runn  along  the  oil  side 
of  the  tow-path  at  a  height  of  about  1.90  m.  A  third  line  allows  of 
waggons  being  turned  into  it,  and  transhipments  can  by  its  use  be  effeo* 
ted  when  neossssKy. 

A.  Mmbt.  —  B.  D.iai«ni».  S 
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Bt^low  the  surfjEice  level  of  one  end  of  the  wharf  runs  a  tunnel  with 
a  nilway  line  upon  which,  through  an  existing  trap,  material  from  the 
wharf  may  be  landed. 

Th«  etM  of  the  8  enmes  indndin^  the  inottvo  iDtvnblncry,  the  aocuutolator  ud  OMiiItW- 

tton  was  ,  fiv  80,000 

Tbe  oraite  wul  wliarf  mefaUi,  wi4  tbe  trapped  taiuel  wst  •  60.000 

Altu^-thor      .      .      .      tt.  140,000 

The  cranes  are  used  almc^  exclusively  for  discharging  iron  ore  and 
limestone ;  though  three  are  available  2  suffice  orrlinarily. 

Only  exceptionally  are  the  cranes  used  fur  discliarging  coal  and  cast- 
iron,  and  still  more  rarely  for  coke.  Wheel-barrows  are  generally  used  for 
thia  work.  As  also  when  unloading  dross,  pig-iron  and  cinder.  To 
load  droRB  on  the  water  atodcado  platforms  with  shoots  served  by 
tipping  waggons  are  more  used. 

The  time  required  to  discharge  a  300  ton  boat  depends  greatly  upon 
the  class  of  naaterial  and  the  staff  of  men  engaged. 

With  regard  to  this  subject  the  following  table  gives  interesting  details: 


By  haod 

1  crane  with 

2  cranes 

2  cranes 

MATERIALS. 

9  men. 

each  with 

each  with 

0BSER7ATI0K8 

6  Bun, 

6  men. 

9  men. 

Raw  or?  

3G  hours 

12  hoars 

8  hours 

hours 

Washed  ore   .   .  . 

33  „ 

IdBMtMlt  .... 

48  „ 

f  n 

Cok  

fio  „ 

24  n 

Coat  

44  . 

18  , 

28  , 

In  a  12  hours  day,  including  stoppages  and  brealss  for  meals  and  rest, 
the  following  quantities  of  material  can  be  discharged : 


J[AT£RIAL8. 

By  band 
6  men. 

1  eranewlth 
6  men. 

2  cranes 
each  vritli 
6  men. 

1  emne 
with  9  men. 

2  cranes 
each  with 
9  men. 

3  cranes 
each  with 

y  men. 

Tods. 

Tons. 

I'ODS. 

Tods. 

Ton*. 

Baw  <ffa    .  .  . 

aoo 

400 

300 

600 

900 

Washed  on  .  . 

100 

230 

460 

3S20 

640 

Limestone  .  .  . 

75 

180 

330 

250 

5S0 

750 

Coal  

75 

m) 

Coko  ..... 

60 

130 

Scrap  iron  .  .  . 

eo 
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By  working  day  and  night  1650  tons  can  be  handled  in  24  hours. 

The  cost  of  handling  matprial,  per  ton  loaded  or  dipch.nrged  by  the 
diti'erent  systems  of  work,  including  care  of  appliances  and  attendant 
expenses,  is  as  toUows: 


Discharged 

Discharged 

Tx)aded 

1 

Loftded 

MATERIALS. 

by 

hy 

by 

Crane. 

Lfmtttone  

fr.O.SOtoO.22 

Raw  ore 

,,0.16^0.18 

Washed  on  

.,0.1-,  ,,0.17 

Coal  

„  0.24  „  0.2(; 

fr.  0.40 

Coke  

„0.30„0.3'i 

„  0.70 

Piff-irott  

„  o.:i.-> 

tr.osa 

S««p  n  

fir.0^to0.60 

n  » 

Dross.    .       .    ,  , 

.  0.2.-, 

Moulder's  Sand  ....... 

,0.20 

Sheet,  plateii,  bars  etc  

»  «• 

fr.0..'Gto0.G5 

On  the  whole  whitrf  with  3  cranes  working  hj  ii%ht  1920  tons  can  be 

handled  in  the  24  hours. 
This  1920  tons  is  distributed  as  follows : 


MATERIALS. 

Bj  hand 
and  Niglit. 

3  cranes 
by  D«y. 

3  cranes 
by  Might. 

Total  per 
34  honia. 

Coke  

Coal  

A  lnr<j:e  part  of  the  ore  di 
pany'.s  mines  at  Vassy.  The 

00 
7[> 
75 
60 

Hoharged  al 

orf  is  pu 

Tons, 

850 
n 

V 

n 
I) 

T 

t  on  the  V 

Ton 
800 

» 

n 
R 

ltd     .     .  . 

come?  fron 
assy — St.  r 

Tom. 
16&0 

60 
75 
75 
60 

1090 

1  the  Com- 
)izirT  canal 

at  the  Pont-Varin  wharf  b}  means  of  a  platform  with  hoji]ter?  fed 
clirectly  frotn  the  quarries  by  au  incline<l  way,  stuall  waggons  and  a 
coal-tip  of  very  simple  construction  being  the  appliances  used  for  this 
loadii^  operation.  (For  sketch  see  Plate  VI,  fig.  4.)  Two  hoppers  aUow 
of  from  60  to  60  tons  bdng  shipped  per  hour.  The  ocet  of  the  work 
is  fr.  0.10  per  ton,  whilst  the  hand  labour  still  used  by  some  ut  the 
neighbouring  owners  costs  fr.  0.80. 
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(Su  PlaU  VI.) 

The  Port  of  Neuves-Miidfione  (East  Canal,  South  branch)  is  an  example 
of  a  port  which  is  at  one  and  the  same  time  both  an  important  industrial 
port  and  a  large  public  transhipment  port.  It  rnnsists  of  a  Spao&OUB  ba.<in 
of  trapeicndal  Rhupe  o(  cupying  the  site  of  a  former  ballast  ground  and 
haTing  on  one  of  its  sitks  ample  and  easy  neceps  to  the  canal. 

The  transhipment  line  of  railway?  skirts  the  quay-wall  for  220  m. 
along  the  ofl'  side  of  the  basin  and  5o0  ui.  further  away  runs  into  con- 
nection with  the  Eastern  system  (Kancy-Mirecourt  branch).  It  constitutes 
an  independent  system,  conceded  to  the  proprietors  of  the  iron  works, 
who  use  it  at  the  same  time  and  especially  for  their  yarda  and  works. 

For  public  transhipments  no  plant  exists;  nevertheless  between  the 
quay  at  the  point  of  junction  with  the  main  line  there  is  a  narrow  guage 
way,  bplonfring  to  the  iron  works,  on  which  cranes  might  be  placed.  But 
the  transhipments  are  limited  to: 

Qoods  jihlpiiotl  'JCTK  (on* 

■     dmcluurgotl  10U3  • 

Tot«l  SWH  toss 

The  Hmaiiness  of  this  total  is  attributable  to  the  conditions  and  charges 
involved  by  the  legal  situation  as  to  the  junction  point  of  the  two  sys- 
tems (the  neighbouring  company  have  exclusive  rights,  obtained  by  con- 
cession, the  junction  being  looked  upon  as  a  common  station). 

The  accumulated  costs  of  transhipment  are  tiie  following : 

1.       good$  brought  by  mil  fir  <A«  wUenoay : 

a.  Stetloa  ckii|«  on  uHtiI  m  Htm  tniiattfiiaHnit  Jttnctkm  (eqaitl  dlTtokm  between  tlw  two  mb* 


pmlrs  (1.     th<>  i:n»UTU  nud  the  Couwsslonttlros)   fr.  0.40 

6,  St4ttlon  chartfi  s  on  arrival  Ut  port   »  0^ 

t.  CiMt  of  imlriading  from  weggoofl                                                                 .  «  <li30 

d,     M    m  loading  boiUc  ,   ■  040 


Total  Ar.  L» 

2.  .Fbr  gw>d»  arrinng     tBtOer  to  he  fonoarded  by  rml: 

The  charges  are  identical,  though  made  in  inverse  order. 

Under  such  conditions  a  tnr  Idpment  port  becomes  useless. 

The  port  is  equally  a  lot-ril  public  port,  here  without  interest. 

As  an  industrial  port  Neuves-Maissons  is  important  oa  account  of  its 
traliic  and  cargo  handling  appliances. 

The  proprietors  of  the  Neuves-Maisons  works  also  own  ihe  mines  from 
whidi  the  ore  sold  is  conveyed  to  the  port  by  a  private  railway.  This 
railway  terminates  at  a  construction  shewn  at  point  A  of  Plate  VI,  con- 
sisting of  a  shaft  or  shoot  of  masonry  with  floor  inclined  towards  the 
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canal,  a  metal  tunnel  or  hopper  with  a  mechanical  arrangement  at  its 
upper  end  for  raising  it  forms  a  »'ontiuuation  and  reci  ivt-r.  The  shaft  is 
capahle  of  containing  50  tons  of  ore,  and  the  waggons  are  euiplied  into 
it  m  they  arrive  from  the  pits.  Between  the  metal  funnel  and  the  slmft 
is  a  moveable  door  which  ie  opened  when  a  boat  is  to  be  loaded.  The 
lower  end  of  the  fiinnel  is  also  moveable  and  thus  allows  of  a  better 
and  easier  distribution  <^  the  ship's  cargo. 

This  apparatus  cost  fr.  15000. 

By  it  200  tons  can  be  shipped  in  5  hours. 

Including  interest  on  the  capital  the  cost  of  handling  is  fr.  0.07  per  ton. 

Done  by  hand  hibour  with  wlied harrows  aiiil  t>'ni]>orarv  plank  runs 
it  is  estimated  that  the  cost  would  be  f  0.20  per  tun  and  that  from  20 
to  22  hours  would  be  required  for  the  work. 

Annually  70000  tons  of  ore  are  shipped  by  this  apparatus. 

On  the  same  dde  of  the  port  as  the  works  there  ace  2  hydraulic  cranes 
of       ton  power;  both  are  stationary. 

They  are  used  for  discharging  coke  which  they  lift  in  tuljs  or  small 
waggons  tipnn  a  platform  and  thence  are  tipped  into  adjoining  shoots 
with  lioppers ;  from  under  these  the  coke  is  taken  as  required  to  tlie  furnaces. 

Working  together  the  2  cranes  can  discharge  200  torn  of  coke  in  20 
hours  at  a  cost  of  fr.  0.375  per  ton  including  interest  on  the  outlay. 

By  hand  with  baskets  the  same  work  would  require  from  48  to  60 
hours  and  would  cost  from  fr.  60  to  fr.  80. 

The  cranes  manipulate  36000  tons  of  combustible  material  annually; 
their  first  cost,  not  including  pipes,  was  fr.  28000. 

Near  those  last  is  another  liydraulic  crane  ft)r  coke  that  is  to  be 
stacked  in  the  open ;  this  is  also  moveable ;  its  lifting  power  is  2  tons. 
It  is  moved  by  hand.  Its  working  power  is  200  tons  in  24  hours. 
Including  interest  on  outlay  fr.  0.275  per  ton  is  the  working  cost  fur  tlie 
24000  tons  oi  coke  dischaii^  annuaUy  by  this  crane.  CauM  and  line  of 
road  cost  about  tt.  24000. 

Port  of  Bas  Vignon. 
(See  Plate  VI). 

The  port  of  Ba.=  Vignon,  on  the  Seine,  construt  tod  exclusively  for  the 
service  of  the  Essone  Paper  Mills,  and  of  which  we  annex  a  plan,  was 
described  in  the  official  programme  of  the  Paris  Congress.  It  consists  of  a 
110  metres  Icngtli  of  quay-wall  along  the  wharf,  and  has  a  height  of 
4.40  m.  above  the  normal  water-level  of  the  Beine.  Behind  thb  line  of 
quay-wall  is  a  railway  carrying  8  cranes  to  lift  IVi  tons  each. 

Locomotives  run  the  waggons  on  another  permanent  way  parallel  to 
but  behind  the  line  used  for  the  cranes. 

An  18  kilometre  length  of  railway  connects  the  port  with  the  Eesone 
Paper  Mills  and  their  annexes  and  ^ith  a  railway  station. 
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Of  the  cranes,  each  with  its  bms  cost  fr.  14,500. 
The  co8t  of  the  pott  nrae  fr.  120,000. 

Each  crane  is  capable  of  unloading  300  tons  in  11  hours;  its  staff  of 
workenen  wliil^t  operating  numbers  11,  via.  H  in  the  boat  to  fill  the  bine, 

1  on  the  wharf  and  2  for  (lie  crane. 

Of  l)illet-wood  and  wood  puip  li^O  to  200  toas  per  day  cau  be  die- 
charged. 

The  ooBt  of  unloading  is  estimated  to  be  per  ton: 

for  owil  tt.  OlSO  per  too. 

Wood  Pnlp  ,  ,  ,  .  m  OJBO  m  • 
Wood  in  WMm  .     .     .      •  LSO  »  > 

The  annual  traffic  of  the  port  is  136,000  ttms  consisting  almost  exclu- 
sively of  dischaigements:  vie  of  coal  56,000  tons,  wood  pulp  37,000  tons, 
wood  (in  billets)  23,000,  china  clay,  sali^ur,  resin,  sand  and  gravel 
20,000  toiiB. 

Port  of  the  Soda  Works  at  Chauny. 

This  port  is  formed  1»y  the  Oise,  in  wliicli  river  the  water  by  means 
of  a  darn  lias  been  piven  a  depth  of  2  metres  over  a  distance  of  eipfht 
kilometres.  In  ^vliat  may  strictly  be  culled  the  port  the  s?idth  is  from 
18  to  20  metres;  higher  up  stream  it  does  not  exceed  15  metres. 

By  means  of  a  lock  the  port  communicates  with  the  St  Quentin  canal 
and  a  point  above  the  Ohanny  lock. 

The  wharf  of  the  soda  works  is  on  the  left  bank  of  the  Oise,  it  is  240 
metres  long,  and  is  served  by  1 100  m.  of  normal  guage  railway  by  which 
it  is  in  connection  with  the  Nord  Company's  system.  The  ground 
space  belonj^ing  to  the  wharf  has  a  total  area  of  4500  sq.  metres  and  is 
occu]Med  mainly  by  the  service  lines  of  rail,  leaving  no  available  space 
for  storage. 

Five  hnndred  metres  above  the  above  mentioned  lock  is  a  supple- 
mentary port  on  the  right  bank  of  the  Gtae,  Here  is  a  quay  used 
exclusively  for  the  material  Inought  in  boats  for  four  fumaoes.  This  quay 
is  provided  Willi  neither  rails  nor  cranes. 

The  port  was  established  in  18&5;  it  would  be  diffi<Malt  to  estimate  its 
first  cost  as  important  changes  have  repeatedly  been  made. 

The  apparatus  may  be  described  as  follows,  viz.: 

1.  For  unloading  raw  material  there  are  two  2  ton  atcaui  cranes;  and 
for  reloading  also  2  cranes  of  older  pattern  and  somewhat  less  power. 

2.  For  bulk  cargoes  of  manufactiured  products  (burnt  pyrites,  sulphates, 
hyperphosphates)  tipping  waggons  are  used,  for  the  service  of  which 
shoots  have  been  constructed. 

Packed  goods  are  loaded  by  hand,  rollers  or  ordinary  cranes. 
Incoming  or  ouligoing  mMtchandise  and  products  generally  are  never 
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allowed  to  remain  on  the  quay;  they  pan  directly  firom  the  boat  to  the 
Sondi^  company's  wi^gona,  or  inversely  from  waggon  to  boat. 

The  work  is  done  by  a  staff  of  quay  labourers ;  of  whom,  for  each 
apparatus  working,  there  are  6  or  8  men  in  the  boat,  1  driver  on  the 
crane,  and  1  roan  for  emptying  the  bins  <ni  the  waggon;  in  this  way  in 
11  hours  there  can  he  tlischarped : 

from  350  to  400  tons  of  pyrites; 

„    280  to  300  tons  of  phosphates,  salts  or  coal,  or  about  a  boat  load. 

For  loading  manufactured  goods  by  hand  the  stolF  varies,  but  on  an 
average  conaiets  of  6  men  per  boat 

The  time  occupied  also  varies  and  is  difficult  to  fix,  as  it  is  largely 
dependent  upon  the  rapidity  with  which  the  goods  are  delivered  on  the 
wharf;  as  a  rule  the  boat  is  2  or  3  days  in  loading  its  250  or  270  tons. 

The  quay  stafl'  ( onsi^its  of: 

For  tmloading,  20  men,  including  crane  men  an;l  tippers. 

Fur  loudin^',  up  to  15  men,  but  the  numVier  fluctuate  s. 

At  tlie  supplementary  port  above  mentioned,  duiing  months  of  the 
year  24  men  are  engaged  discharging  and  stacking  chalk. 

In  their  estimate  of  the  working  cost  per  ton  loaded  the  proprietors 
of  the  ironworks  have  included  certain  interior  expenses.  Deducting  these 
for  loading  and  unloading  the  approximate  cost  may  be  calculated  to  be: 

For  Arrvoal*,  From  ship's  hold  to  waggcm: 

C'.'*!       .....      fr.  0.4')  i»'r  ton. 
Salta      .....       *  4U&   «  • 
Pb<»p)»>M  and  pyrttm  .      ^         «  * 

For  QoocU  shippcfl.  From  waggon  to  boat's  hold. 

U}iHTiih>>!)i)batM    .....     .     (r.  0.:15  per  ton 

Snlpluito  of  Sods  and  TMUa«n  of  pyirltn     ■  OJA  •  • 

The  total  figure  of  arrivals  and  dep«rture8  given  for  the  ports  of 
Soudi^re  and  Ohauny  were  for  1893  about  200,000  tona,  made  up  as  follows. 

I'lial  4A0()0  tons. 

Silt!!  2«10lJ«> 


Various  uooo 


(  ny|«>rj)hi>sphatt'.s  ....      *)W)0  Tou^i.  i 
Ooods  dtipotelwd:  I  Sulpbato  ofMidkuidrM.p)rriiM     aittW    <     [  83000 
fVwloM  1«M    «  ) 


Total     .     .     .     mm  turn. 
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CHAPTER  III. 


Plant  of  Ports  on  the  Marne  an  Rhin  CanaL 

6«aMWl  coMMtratioBs* 

From  Vitry-le-Francois  to  Xures  on  the  German  frontier  the  Marne  att 
Khin  Canal  has  a  length  of  210  km. 

The  united  total  traffic  of  its  ports  may  be  roundly  put  down  at 
1,750,000  tons  yearly,  viz: 

Shipped  7SOjm  taam 


ToUl     .     .     .    UMMNO  tatw 

The  exact  tonnage  for  ISUl,  1892  and  1893  was  as  follows: 


y«ir  \m . 


^^6,\■J•i  ton* 


1,013,»09  tons 
971^  f 


l.Tt4T,44I  toM. 
1.716^  * 


All  loacliug  sind  unloading  is  effected  either  at  public  porta  and  wharfs, 
ot  on  wbarfe  belonging  to  industrial  or  commercial  eetablishments,  in 
mooring  sidings  and  docks  or  in  sections  of  tbe  ordinary  waterway. 

The  total  length  of  avaUable  wharf  in  public  ports  ia  8094  metres. 

Outside  public  ports  the  total  len<:th  of  bank  used  for  effecting  loading 
and  unloading  operations  is  approximately  8238  m. 

The  flbrive  total  t«mna«;e  of  1,765,261  being  divided  by  the  Piim  of 
the  two  lengths  just  given  (i.  e.  the  16,932  m.,  over  which  the  ton- 
nage is  distributed)  tfans;  gives  103  tons  as  the  weight  of 

mendiandise  shipped  or  disdbarged  per  lineal  metre  of  wharf  and  other 
loading  siding. 

Of  the  total  16,932  mi-trot^  a  leneth  of  G")90  has  vertical  .luay-walls; 
the  remainder  has  a  simple  sloping  bank ;  this  slope  is  usually  2  in  3 
and  is  in  mme  cases  faced  with  stone,  but  only  for  the  most  part  as  far 
as  the  water-level. 

It  will  be  easily  understood  that  the  average  103  tons  per  metre  is 
very  inconstant  at  different  points  of  the  canal. 

It  yariee  from  nothing  in  certain  little  frequented  ports,  or  divisions  of 
ports,  to  thousands  of  tons  in  ports  of  important  traffic. 
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Public  plant  of  the  character  already  described  la  very  iusignilicrant 
on  the  Marne  au  Rhin  Canal.  In  some  cases  where  cranes  have  been 
anthorised,  the  condition  of  public  hire  at  a  maximum  rate  has  been 
imposed;  little  advantage  however  is  taken  of  this  by  the  public  in 
whose  interest  the  inivOege  was  exacted  and  the  appliances  are  used 
but  by  the  mannfacturers  or  forwarding  agents  who  j)r*>vided  them.  For 
none  of  the  apparatuH  has  a  formal  e<iualisation  of  the  table  of  tarifTe 
been  carried  out.  The  applimtion  of  the  rlanpe  spoken  of  is  therefore  in 
no  way  controlled  by  a  board  for  the  admiuiBtratii'ii ;  it  is  inserted  in 
the  authorisation  rather  to  assert  the  temporary  chuiacter  of  the  latter 
and,  in  case  of  public  necessity,  the  right  of  immediate  withdrawal  by 
the  board. 

But  if  public  plant  is  wanting  there  exist  along  the  canal  private 
appliances  which,  without  being  numerous,  yet  serve  a  considerable  portion 
(tf  the  general  traffic  of  the  various  ports. 

Below  we  tabulate  this  traffic  for  the  whole  length  of  canal  and  pive 
certain ,  information  as  to  ports  which  are  provided  w  ith  either  a  full 
complement  of  apparatu:^  or  at  luast  aoiue  special  cargo  huudling  appliances. 

In  all  porta  not  specially  mentioned  hand  labour  aided  by  rollers, 
baskets  <Hr  wheelbarrows  according  to  the  nature  of  the  material  handled 
is  in  use. 
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(A.)  —  Tb«  Tounuty  farms  of  600  lieotam  bAve  oonneotioB  with  flie  port  of  Brua* 
son  8  km.  «w«y  by  m  DeoaaTille  Ubs  of  railway.  Bbipmonta  are  made  and  deliTorios 
takon  at  this  port  to  the  extent  of  4S90  and  3947  tons  rospcctiyoly,  or  togptli«!r  88C4 
of  the  total  of  9347  tons  at  this  port.  Brusrton  affords  an  exemple  of  a  publio  port 
largely  devoted  to  private  use  and  without  plant. 

(B.)  —  Of  the  total  5849  tons  heru  indiceted,  3023  oru  shipped  and  424  landed  by 
special  permiHsion  in  open  stretches  of  the  oaual. 

(C.)  —  10531  tona  are  shipped  and  3885  discharged  (together  14416  tons  of  the 
total  168T8  torn  of  trtilfic),  by  two  tile  works  respeotively  3  and  1.5  kilometres  distant 
63  tone  were  loaded  in  open  oanal. 

(D.)  —  Aa  (o  the  total  traHe  here  given,  we  note  the  following  detafla: 

1.  Shipped  in  open  stretohee  (apeeial  anflioriBolioB): 

From  two  aand  pita  IfiOO  m.  from  the  oanal  5,1*1^  s 

Yarions  469  , 

Total  ....  5,««>t0M. 
Leaving  for  the  publio  port  86,180  » 

2.  Of  this  same  total  of  36,130  tona  the  already  mentioned 

sand  pits  shew  in  i^hijimontH   13,084  tons. 

A  sugar  ri>finf.ry  embarks  4865  and  discharges  1185H  tons;  a  foundry  supplios 
2551  tuns;  making  for  four  firms  ulooo  32,353  tons  of  the  total  traflic. 

The  mazimiim  length  of  time  dnring  which  goods  may  remain  on  the  wharft  of 

the  publici  jMjrt-t  of  the  Ifarne  au  Rhin  canal  is  30  days.  This  is  about  the  only 
rondition  imposed.  Boats  are  admitted  in  their  order  of  arrival  and  without  regard 
tu  the  nature  of  cargo  &o. 

OutteA  forward  [    -  |    -  |  IMO  \    -  |  ¥^\^  fl.iaol  lM»o| 
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9.  Tb«  SennaiM  sugar  faotorj  from  1818  to  1891  uaed  for  aoloading  at  the  aeaaon 

of  boet-root  arriTala  —  (11000  to  120OO  tons  nnnually)  -  an  electric  appiiratus 
with  a  narrow  w-uasro  connection  with  the  works.  The  apparatUH  rMnJiHtt?!!  of  a  Bwi- 
velled  bcajn ;  a  travelling  platforiu  with  drudge  liku  function ;  a  Hanged  belt  simi- 
lar to  a  ohatn  with  baoketa  waa  driven  by  a  Oramine  EnB^ne  reoeiTin;  ito  eleo- 
trieitr  from  a  corresponding  generator  inside  the  works  and  ISO  metres  awaj.  There 

■wari  about  2  lior^r-pinvcr  !iviii!ahli>. 

Interest  and  rcpiurij  nut  included,  the  oont  per  tuu  di^&charged  and  iMrriod  to  thu 
washers  60  metree  away  was  fr.  0.55. 

Projeoti^g  the  adoption  of  another  system  of  unloading  since  180 1  the  Sermaiae 

sugar  fact<»ry  has  rci)lactMl  tho  ono  just  d<<scribed  by  hand  labour.  Under  these  con- 
ditions tbtj  cost  is  «>'4tini«f«'(l  ni  fr.  0.75  per  ton,  and  8  or  10  women  or  children 
diiichargo  a  boat  of  2UU  tons  in  2U  hourri. 

8eru)ai2e  Su^ar  Favtory. 


Klevatiou  ot  the  uiaehiue. 
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(,E.)  —  Of  the  port*s  total  traflic  (9899  toiu)*  1886  tmu  are  shipped  by  a  phoiipliate 
world. 

Tho  tonnage  under  tho  head  of  private  porta  i»  contributed  by   three  portu,  vii: 
The  Ilairuuville  iron-works  with  758  tons  shippml  fiTul  (177  tons  di«ohar;ged; 
The  port  belonging  to  a  phosphatea  factory  with        tons  shipped; 
The  port  belonging  to  a  sradioate  of  tnannftotorei*  baa  6115  tons  iliipped  and  8096 
tone  diaoharged. 

The  Snnlx  vnili'v  umrtufacturers'  pri?ati'  dock  U  jirovidi-d  with  a  steam  travelling 
crane  on  pivot,  on  a  2.60  ui.  guago  line,  with  inner  rail  1  m.  from  edge  of  bank. 

This  orane  is  naad  espeoially  for  tranabipments  between  the  oanal  and  a  oennecdag 
lino  mnning  into  Um  HarouTillo— TrianMMut  local  railway,  eonatrnetad  by  tho  Monae 
Bailvajr  company. 

The  cost  of  the  crane  wa«  fr.  rJ,0(M» 

Tho  way  and  a  site  for  the  crane  ooai  b.ouu 

Making  a  total  cost  of  fr,  Wjmt 

The  orane'ti  nominal  lilting  power  is  5  tons;  it  iii  self  propelling. 

Tho  prindpal  meroihandiao  doalt  inttk  are  oast  iron,  ooke,  ooal,  ore,  land  and  stoiie. 

A  boat  of  800  tons  oan  be  diaoharged  in  25  bonrs  at  a  oost  per  ton  of  fr.0.88inolnd- 

ing  interest  on  outlay. 

Without  this  crane  hand  labour  must  be  resorted  to  with  or  without  wheclbarrowii 
and  temporary  plank  runs.  The  oost  would  then  be  fr.  0.85  per  ton,  and  on  an 
averago  85  bonrs  would  be  oooupied  in  the  worlc. 

This  crane  tranships  from  8000  to  SKKX)  tons  a  year. 

(  F.)  —  Of  the  total  traffic  8979  toni»  of  the  public  port,  a  com  shod  contrihiitt-n  2501 
tons  in  »hipmeaU.  Tho  3142  toiu  traflio  in  private  portd  are  shipped  from  the  bank 
from  olay  pits  for  briok  and  tile  worka. 

(fi.)  —  Of  the  port  of  Hu8aey*s  6818  tons,  8518  are  oontributed  by  *  timber  yard, 

H>42  in  shipments  and  ^7€t  tons  di-it'hnr^nd. 
(H.)  —  The  28d0  toius  in  private  ports  are  discharged  un  the  bank  by  a  glaas  worlu. 

Cintod  fonraid  1  —  I   -  I       \   -  \  j<*.m6,  4i,ia-i  2».i>m1  19,Kii>! 
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(I.)  —  Th*  total  toniiige  of  Oie  imblio  port  (28651  torn)  oomprioM  421  ahippod 

and  1823  ton«  diiioliarged,  together  2'244  tons  trannhippt'd  to  n  Jinn  nnininf?  in  con- 
nection with  the  local  service  line  of  Bar-ie-Duo  to  Vanbc'oourt  ot  thu  Meude  Itailway 
Cuiupany'ii  Ay^tem;  20B7  torn  are  aliippcd  aud  10,850  tom  discharged  by  the  fiar-le> 
Due  blast  ftmaoet. 

Of  the  traffK'  of  the  private  ports  B8  tons  are  shipped  aad  lil'M)  tons  discharged 
by  a  timber  yard;  1771  dioobargod  and  i&l  shipped  in  «pon  «Mal  where  no  wbarf  or 
landing  plooe  exista. 

(hi  Ike  Moaae  Bailvaj  oomieotiog  lino  fliore  U  a  piTflt>oraiie  of  oast  and  wnmgfat 
ifon  on  a  flat  bottooMd  tniok  ranninip  on  tiie  oonnoettm;  lino  itMl£ 

The  crane  cost  fr.  fi500.  lift-i  f!  tons  nnd  is  nianijnilatod  by  hand. 
It  is  little  used.  prol>!il>lY  on  utcuunt  ol'  unfitvourahic  coTiditioa«{  its  (otal  work  it 
limited  to  a  few  tons  aud  iio  dala  ouufieiiueiitly  shew  nothing. 

(J  )  —  The  total  of  7836  tons  under  the  li<  ail  of  private  ports  consists  of  686A  tono 
shipped  and  1573  tons  disobarged  in  open  oanai  by  the  Ironville  iime-kilns. 

(K.)  —  Tho  traffio  given  under  priTata  ports  is  contributed  by  the  Oui^  Mcnacourt 
railways  jnnrtion  port;  it  oonsits  of  6M9  tons  of  building  stonf  fn>m  tlic  Savoiinii^ros 
ijuarries;  the  stone  is  pat  on  tbo  boats  bj  means  of  a  travelling  platform  with  a 
IS.26  m.  gunge,  and  of  wbioh  tbe  rail  noareat  fhe  oanal  la  laid  along  tho  top  of 
the  quay-wall. 

The  rost  of  Ibis  ei  i  .tr:>;  no  wss  ....        Ir.  MMM 

The  connecting  line  cogt   "jaxi 

Makliig  a  total  for  the  whole  of    .     .     tr.  10,600 
OantoAforwartI    -  I        1^04*1   Its  ju^l  8l,«Rjl41|i»|  S«jni|  ».fl(Ki| 
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\'iLviM.:s  i.rivato  porta  fftu 
100  in.  In  «poB  <uiiL 

The  power  of  tlio  hand-worked  appliance  i«  10  ton*. 

Witbout  this  ftpplianoe,       little  8att<Ml  for  the  trauolupiauut  of  other  guud^,  it 
would  b«  aliiiost  impotubl*  to  hitodlo  heavy  building  atono. 
Waggons  are  aent  by  the  oampaniet  to  the  port  on  the  same  eonditiena  «a  to 

ordinnrr  stations. 

Tho  co«t  of  shipping  stone  ia  estimated  to  be  fr.  0.40  per  ton. 

General  geodi  eoat  fr.  0.50  per  toOf  wbioh  ia  little  different  from  the  eeat  of  the 
aame  work  done  by  hand. 

The  weight  handled  yearly  hy  thi*  npplianeo  is  betwee  n  fWVO  and  7000  tons. 

(  L.)  —  liy  way  of  meniorandutu  only  we  mention  a  port  tiiinilar  to  tliat  of  Menau- 
ootirt;  it  wa^  made  for  the  use  of  a  quarry  and  serves  for  the  shipment  of  about  a 
hundred  tone  a  year  of  building  atone  wbioh  is  taken  away  by  horae  tmotion. 

(M.)  —  Of  the  total  21.')32  tont!  named,  1791  tons  are  ahipped  and  1296S  tons  reoeiT* 
eel  by  hnn^  by  a  single  ostablishmont,  tlin  Alidiin  illt^  iron-work*, 

The  port  of  Uoudelaiuoourt  i»  in  connuetion  with  tho  lino  from  Nan^ois  le  Petit 
to  Ckmdreoourt,  a  line  whieh^  from  being  fonnerly  but  of  leeal  internet,  ia  now  of 
general  intereat^  Betwem  the  oonneoting  line  and  the  qaay<wall  ia  laid  «  8.00  n. 
guage  way,  the  iniuT  rail  of  which  is  0.85  m.  from  tho  centre  lirf  (in  tin'  tjuay- 
wall;  thi»  line  enrries  a  «toani  pivot-<trane  belonging  to  the  AbainviUe  forge 
proprietors  who  havo  tho  exclusive  use  of  it.  Its  lifting  power  is  2  tons;  its  value, 
together  witii  that  of  the  road  whieh  oarriea  it,  ia  fr.  1S275.  It  is  moved  by  band. 

The  co*t  per  tun  manipulated}  including  intorei^t  on  the  oiir'.ny,  •^tiinatt<l  to  be 
fr.  0.30;  2(tn  [an*  f«iTi  In*  transhipped  in  20  honrn,  Ily  liund  tho  time  would  be 
30  hours  and  the  cost  fr.  0.40.  In  a  year,  HOOO  tons  of  murvhandi»e  (cool,  iron  eto.) 
are  lifted  by  the  erane.  The  waggons  are  sent  to  the  point  of  jsnotion  with  the 
apeoial  eonneoting  lino  of  the  port  ea  in  other  stations. 

(N.)  —  The  3C10  tons  which  ligure  under  private  ports  consist  of  1572  tons  shipped 
and  1217  discharged  in  open  oanal  and  of  dUl  tons  furnished  by  a  foundry  at  its 
own  poit. 

Carried  furward.  |    -  j    -  |  6,040  |  I.HO  |l;n,:)aKHuj.4*j|l72,7l8|    fiO.o*^  iO,(H>o\ 
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(0.)  —  Of  the  total  43893  toad  of  trsifio  42371  oon^  of  limuiitunu  shippud  at  a  pri* 
Tftte  port  fw  Out  BoUmj  de  DomlMals  worfci}  and  1532  tons  of  wood  embarkod  at  the 
port  of  Laoroia-lo-ploliottr. 

(P.)  -  Of  the  154fi'2  tons  of  the  public  port  two  firms  rontrihuto  4386  nnd  2373 
tons  respootively,  or  taken  toRether  G759  tons.  Th«  3152  tons  of  privatu  ports  com- 
priae  1411  tona  landed  at  tho  wharf  belonging  to  the  ga»workd  and  2341  tons  landed 
in  open  oanat. 

(Q.)  —  Thii*  t()nna;;L>  consists  almost  wholly  of  16,587  tons  of  xtone  for  tho  SoWaj 
I  'noti)i>i(-<le)  work»  aud  2026  tons  shipped  b;  another  firm,  making  for  the  two  firms 

alout'  15682  tons. 

(R.)  —  39,815  tons  (SoWay  works) ;  23,359  (a  looal  quarry),  and  other  quarries 
6819  tons,  or  a  total  of  6t486  tons  shipped  by  8  firms  alone. 

iS.)  —  Of  this  tonnage  11133  ton»  aro  iMtnt  away  by  a  qwrry  and  tons  by 
an  iron-works,  makinfr  for  tho  two  13,360  tont*. 

(T.)  —  lhi»  oomprideH  2283  tuns  shipped  and  13,329  landed  by  the  iron-works;  and 
19M  tons  oontribnted  by  the  obina  works. 

(U.)  —  A  floar-niill  recoiveit  2844  tOOSt  A  sboe  factory  has  a  pivot-crano  with 
adju.atablr  arm  which  can  be  ^'ivon  a  ron^h  *»xrccrlirii,'  !">  ni.  It  is  um-A  r\<\\i-\\t'\\ 
for  lauding  raw  tLutlwr.  Itii  cost  was  fr,  5.000  Hitd  itt>  lifting  power  is  10  tons.  It 
is  worked  by  band,  vis.  4  men  on  tho  loading  stage  and  S  men  on  tlie  eime. 
The  disobarging  of  a  boat  of  800  tons  oooapies  S  days.  The  oost  is  giTsn  as 
fr.  0.40  per  ton. 

OMsM  tomut  I  -  I  ...  I 1 1^  |M>jw|i«a,iBiiiMym|  MiiImI 
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For  topographical  roMoiis  diMhargemonts  cannot  be  eOaded  by  band.  Tbe  weight 
duohwged  u  6fiO  tooa  per  jeer  approilmetely. 

(V.I  The  shipmnntH  consist  almost  exolusi'  i1\  >i''  :i  >ri.  both  wrought  and  eaat, 
mill  (if  stoel  from  the  liOntrwy  mctiil  mnrkrtn.  hroiight  and  delivered  by  train  for 
truuBhipiuent  to  tho  boat«.  Thu  wharf  is  22U  m.  lung  and  with  the  quay-wall  U  10  m. 
wide;  fiurther  baok  are  two  permanent  ways  forming  part  of  flie  aiding  and  manoen- 
vring  network  of  railwaya  of  the  Frouard  station  and  aerring  to  eonneot  tlw  port  with 
tho  general  railway  HVHtisni.  Tho  IotoI  of  theae  two  wajB  ia  suoh  tiiat  fbe  floor  ef 
the  trucks  is  lovel  with  the  loading  space. 

A.  fixed  eiane  on  a  pirot  (for  hand  power),  provided  by  tho  Eastern  liailway  Company, 
allowa  of  goods  being  lifted  fhmi  tbe  tmeks  to  be  depodled  there;  tiie  dielanee  fhna 
tiie  quay-wall  is  too  great  for  <iir(  rt  transhipments  between  truck  and  boat;  tiie 
goods  must  ha  deposited  ami  r.  -iiaiidi.'d.  The  cost  per  ton  transhipped  i-*,  in  conse- 
quence of  these  dcfuuts  and  the  statiuiiary  i-haractor  of  tho  oranc,  too  high  and  the 
ayatem  eannot  be  reoMunended.  Except  fur  bpeoially  heavy  pieoee  difflenit  to  handle 
oUierwiae^  tiie  orane  ia  little  need.  Hand  labour  in  the  naoal  means  of  loading  Che 
beata,  making  the  cost  per  ton  of  wroaght  or  oaat  iron  shipped  amount  to  tt,  0.40  or 
fr.  0.50  for  manipulation. 

On  the  quay,  a  shed  has  been  erected  purposely  for  the  transhipment  serneOi  bnl 
in  reality  serrea  for  litfle  elae  tiiaa  a  shelter  for  goods  eanied  eaceloaiTely  by 
rail  \N  ay. 

In  short,  this  wliarf  though  prospnting  the  inconvenience  of  being  on  tho  same 
bank  as  the  tow-path  is  favourably  situated ;  yet  is  it  far  from  renderiDg  all  the 
aerriee  it  ia  eapaUe  of,  on  aooonnt  of  ita  insaffielent  apparatus  and  its  eostty  traa- 
ahipment  ratea.  The  railway  OGmpany  for  euunple  reaerres  to  iladf  the  nnloading  of 
all  wrought  and  cast  iron,  which  is  siinply  deposited  OQ  Uie  quay,  at  a  rate  of  fr.  0.80 
per  ton,  whereas  put  directly  on  board  the  boat  the  additieoal  ooet  we«ld  under 
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ofikor  dmua^iuMM  about  tialf,  and  villi  liiitalile  apparatuB  the  rate  might  Im 
ftirther  redoMd. 

(W.)  —  Thit  tonnag*  «oinpd«M  68^8  tona  riiipfMd  and  SIW  toaa  diiahaigad  from 

tha  blast  farnacett  and  12075  shipped  from  the  minoa.  The  V^sin  Alnoy^  Company 
who  own  the  bliwt  fiinim'eH  liave  a  dock  in  which  mettil  niul  rirf>  arc  Hhipped  and 
ooke  discharged.  lianU  labour  with  w  ht-vlbarrowti  is  u»od  for  loading.  The  materials 
are  reinoTed  from  the  storing  or  ataeking  ground  behind  tbe  up  •tream  tow-path, 
or  otherwise  from  the  small  vra^'cons  of  the  Deoauville  railway  which  skirts  the  quay- 
wall.  The  cost  of  rlif  luLoiir  i»  for  metal  fr.  0.20  tn  fr.  0.22  »ni1  for  oro  fr.  0.17. 
^ear  the  quay-wall  is  a  steam  pivot-orano  for  unloading  coke ;  this  costs  fr.  U.40  por 
ton ;  done  bj  hand  wMk  baskets  it  oosts  fr.  0.60 ;  yot  the  company  who,  although 
they  are  more  fkToorably  aitutted  for  railway  oarriage  of  goods,  reoeive  bnt  little  ooke 
by  watr  r.  hnre  almost  abandoned  machine  work  in  diaobarging  on  account  of  the 
rt'xuhin^'  hri  aku^'o  and  pulTorisatioD  o(  the  fttol,  which  is  ooluMerably  deteriorated  for 

rt'giilar  furnat-t'  ut*e. 

(X.)  —  Of  tliu  30628  tOQV  of  trafBo  io  public  ports,  21968  and  3394  tons  are  sup- 
plied by  two  quanies,  4578  by  a  brewery,  making  for  three  firms  only  a  total  Sll,940 
ttma.  The  8164  ton^  umltr  (irivati'  portj  are  embarked  ur  discharged  in  open  cantil 
nnd  n»>ar  thoir  yards  by  3  tradera.  The  port  of  St.  S.'ltii-iticu  \^  formed  by  a  simple 
widening  of  the  canal  and  has  175  m.  of  quay-wall,  but  no  orancs  or  other  appliances. 
The  principal  material  loaded  there  is  limestone  (about  20000  tons  a  year)  for  the 
aoda  wwrks.  Fool  and  building  materials  are  diaoharged.  Goods  are  deposited 
on  the  wharf  within  5  m.  of  the  top  of  the  qnay-walL  Fuel  discharged 
from  thf  boats  in  baskets  by  hand  labour  o<x»t«  for  this  operation  from  fr.  0.30  to 
fr.  0.40.  A  turnpike  road  bounds  the  whole  length  of  the  wharf,  to  which  access  is 
had  at  the  two  eztreuuties  of  tbe  latter;  tiUs  is  extremely  favovrable  fsr  the  dislri- 
butioii  of  goods  from  the  peirt> 

(Y.)  —  The  20471  tons  flgoring  here  imder  pnblio  ports  eomprise  6t7S  toos  of  stone 
ddifered  and  embarked  at  the  port  by  a  single  quarry. 
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The  13642  tona  trnfiic  of  private  wharfii  comprise  2249  tons  discharged  bj  a 
dealer  in  fuel  and  11383  toii8|  aUo  duHdufcrged,  by  •  bark  and  tanniii  iaotory,  all 
efTeoted  in  opea  oaimL 

The  port  of  IXtMij  oonnflii  of  a  dook  f«m«d  hj  wideniiif  the  uanal  on  the 
Iwnk  «f  ih«  np-Ktrawn  tow-p«tli;  tito  tin  of  thik  barin  ia  100  m.  bj  17  ro.  It  it 
( ntirely  tturrounded  bj  qoaj^irallB.  The  wharf  ia  on  Oe  Mine  level  aa  the  a^iidn^ 
town  railways. 

Here  are  embarked  yearly  about  6000  a  7000  tons  of  goods,  oonsistiiijir  mainly  of 
limestone  for  the  aoda  trorfca,  «n  the  lame  ternu  aa  at  8^  Mbaatien. 
The  port  has  no  eargO  handling  plant. 

The  timber  (oak  beBms)  is  unloaded  in  the  only  existing  permftnont  way  and  is 
thrown  into  a  sunken  road  3  m.  below  running  between  the  oansl  and  the  above  mentioned 
tannin  «ttraoting«orki  for  whudi  it  ia  intended.  The  tinber  ia  tiieiioa  liNided  «n  «aiall 
waggona  and  taken  to  the  atoring  plaoeu 

The  cost  per  ton  for  unloading  is  fr.  0.50. 

A  boat  of  180  t^ns  is  discharged  by  6  men  in  4  days  without  night  work. 
(Z.)  The  total  trattio  of  public  ports  ia  thus  diatributod : 
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DM  • 
MiM  • 

TIB  • 

»2,U0  tOBfl. 

s^m  » 

njm  tMia. 

114  344  tous. 

ImM. 

MM  torn, 
S39  • 
44 

427 

Ohclnu|«& 
11.649  tons. 

32,042 
4  ,««7  • 

437 

«,VM  « 

*jm  toaa.  1 

M^7  toaa. 

114.344  tona. 


(M,704  tons. 
MttkiDK  a  totAl  of 


64.704 


178,948  tons. 


The  two  portal  of  8**  Catherine  and  8^  Qeorgee,  aeparatad  bf  a  natioiial  road, 
form  the  real  ports  of  Nani^.  Plate  VI  givea  the  topofraphy  of  die  port  The 
wharfa  all  have  bordering  quay-walls. 
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The  S*<-  Catherine  baHtn  formed  by  a  widening  of  the  canal  on  the  lid*  of  the  ap» 
Mtr^nm  low-path  is  175  m.  long  and  has  a  width  of  Sft  m.  beyond  the  18  m.  of  the 

main  chAonel. 

Wood  and  oUtor  oomtnutiUeef  building  maierial  and  wine  an  the  eonunodiliea 
J«addl  hare.  Ore  and  limoilone  are  ihiiiiiod. 

The  only  apparatus  at  the  port  ia  a  timber-bailt  plntfnrm  on  ■whpols  nnd  rails;  it 
carries  n  windUiM.  The  apparatus  serres  merely  for  landing  wino  in  barreii)  and  is 
little  oaed  (about  100  tons  per  year).  The  entrepots  of  which  we  shall  presently  speak 
now  neorlf  all  do  nmilar  work. 

On  the  pound  epaoc  belonging  to  the  port,  thf  which  are  contiguoVBi 

have  a  narrow  guago  lino  fur  ><inii11  wnpuons  servini,'  for  the  discharge  nnd  delivery 
of  their  coal  supply;  the  ooal  i«  thrown  directly  from  the  boat  into  the  waggons 
bronght  alongddo  on  the  top  of  the  qnay>waIL  The  company's  oonditiona  aad  prioee 
arc  not  mad*  pvbUe.  It  is  however  eatintoted  that  it  anut  ooet  sovetMng  Uko  tt:  0,25 
por  ton. 

8te  Catherine's  I'ort  haf  iin  minex  consisting  of  a  basin  55  m.  by  10  m.  on  the 
tow-path  side  of  the  canal,  and  in  the  scrTioe  of  a  general  timber  merchant. 
Tbnbw  in  flie  nnigh,  arriving  in  rafts  or  by  beat  (4000  to  MOO  tons  yearly)^  is 
received  nttd  handled  in  this  basin.  It  is  stacked  by  hand,  or  heaTy  logs  by  a 
floating  prane  Ix  lorifriritf  to  thi>  iin'rcfinnt.  Tin's  nrano  i<i  taknn  long  dinfaneos  to  whip 
timber  at  the  point  of  production  and  aoryes  abu  to  discharge  tho  cargo  on  arrival. 

The  eost  of  this  Uibonr  is  difflenlt  to  estbnate  ;  it  dopuuds  greatly  on  th*  flins  of  tlio 
tisBber,  as  well  as  on  tibo  stdll  of  the  workmen;  it  say  be  pnt  down  at  firom  ft,  0.80 
to  fr.  0.40  AVithont  the  crane  tho  rate  woold  be  oonsiderably  higher  nnd  seme  of 
the  work  would  be  impossible. 

The  8*  Oeorges  baitin  also  is  formed  by  a  widening  of  the  canal.  It  in  on  the  up* 
Stream  bank  and  is  224  m.  long  and  40  m.  wide.  All  Idnds  of  building  mateiisl, 
chiselled  stone,  wood  otOL,  also  oom»  fnol  «ad  vnrion*  WWW*  «re  bnniglit  by  bo*t  sud 
discharged  here. 

On  the  principal  ground  space  is  a  travelling  metallic  platform  on  rails  carrying 
«  10  ton  tiavoUing  winoh. 
TUs  ttMihliio  bdongs  to  n  privnto  msMfanit  who  1^  virtno  of  tho  oonditions  of  diis 

Hperifil,  hut  rcvocnhlc,  Huthori.^tion  in  oblif^od  to  lend  the  use  of  tho  rtpparftttis  tf> 
the  public  and  to  load  or  unload  boats  in  the  order  of  their  arrival.  Its  vocation  is 
largely  confined  to  the  manipulation  of  often  recurring  shipmonts  of  heavy  building 
•tone,  wUoh  without  it  it  wonld  be  impoMible  to  handl*.  TIm  oanal  numagoment 
however  is  in  spite  of  the  conditions  imposed  still  wiUioiit  snffloiont  aaihorify  Ibr 
the  due  eontral  of  terms  made  to  the  publio  by  the  owner. 

a 

OMTied  forward.  |    -   |    -   |  »,3«2  \  4^  |478,3ul3S3,96l|s(n^(  |  lu.saol 


Digitized  by  Google 


52 


Ifaaw  of  Mria  and 
taditotital  k  CvuMntal 

No.  of  roaches.  1 

a 

o 

1 
c 

2 

lUtik  fur 
leading 
utd 

Ooods. 

Total 

Tr»rik'. 

I■rl^  ;iti 
i\irts. 

3| 
fl 

a 
o 

OnntTACtOlML 

witb- 
uut 

quay- 
wall. 

with 

quaj-- 

wall. 

Shlp- 

m. 
»»» 

ID. 

4^ 

-fr 

SOTJKH 

T. 

In  co»e  of  infonvMiipTirt!  <ir  di8agro«mont  it  coiilil  reiiuiro  the  nppiinmH  to  be 
rcmoTUil ;  but  in  tho  iibM»uoe  uf  aiiy  oUivr  it  does  goinl  service  ( t'rum  iOOOO  to 
12000  tons  yMrlj)  and  is  ooiiMqiientlf  retained. 

On  the  tow-pktiii  au]v  uf  tlu'  canal  and  adjoining  its  depundencieg  are  also  3 
important  annexes,  viz.  1  The  Naaoy  doolu  and  warehouMw;  2  BLGeorgai  dook; 
3  The  building  material  docks. 

The  Kanof  doakt  and  waMhoniM  asB  naed  prinoipallj  for  diaobarging  ovrn  and 
wine,  and  the  boati  of  the  Portoun  de  la  Marine  bring  into  tiiem  and  diaeba^ 
retail  articles  and  comestibles.  Tbbi  oompanj  occupy  20000  aq.  m.,  their  prinoipal 
building  standing^  at  rifjht  nn^^lwH  to  tho  canal.  Tlio  fir^^t  floor  of  rliis  building  is 
oontinood  by  a  platform  extending  over  tho  low-path  ti.ua  uajuiuing  ground  space, 
and  oarrying  a  fltoam  pivoi  1500  ton  orane  at  ita  extraulty.  Bj  neaaa  of  tide  eraaa 
banelB  an  lifted  from  tho  boats  to  tho  wharf,  also  anu  in  bulk  diaoliarged  by  it 
in  smnll  waggons  or  wheeled  bins  wliicb  Kr<!  pliiri  d  dirmly  cithi  p  on  rails  close  to 
the  orane  or  on  ite  platforin,  or  on  tho  ground  floor  where  an  entrance  to  tho 
boildiag  haa  been  made  fnr  dealing  with  oem  in  taoka  and  otiier  pwdnd  retail  goods. 
The  Mone  iqipMatna  oan  alao  effieet  diraot  traaaliipinento  to  waggons  at  tiieaKfarenutjof 
an  ordinary-  guago  way  parallel  to  flio  warehoose  and  in  running  ebnniolion  with  the 
Kancy  circular  railway. 

The  cost  per  ton  for  discharging  wine  oargoea  is  fr.  0.25 ;  oorn  in  bulk  costs 
fr.  0.40;  done  bj  manoal  labenr  only,  50*/«  more. 

The  St.  Ocorj^es  docks  have  1473  »q.  m.  of  ground  spa(;u  of  which  1000  rn.  is 
occupied  by  covered  wan'hoiisinp.  Wine  forms  tho  staple  traffic.  There  art'  two  ma- 
nual pivot  cranes  of  and  2  ton  power  respectively,  of  which  one  is  on  rails  run- 
ning perpendienlar  to  the  oanal  and  allowing  of  its  being  advaneed  towarda  tho  qoaj- 
wall  or  \^  itlidrtiwn  into  tho  warchout-<- ;  th><  other  is  moveable  on  the  ordinatj  roUers 
of  the  wharf.  I  ho  cost  of  unloading  and  depositing  either  on  the  wharf  or  on  vohiHo 
it,  for  wine  in  barrels  or  other  goods  easily  handled  by  the  orane,  fr.  0.30  and  for 
snaUer  objeots  or  retail  wavea  fr.  OAO. 

The  bnilding>niiatorial  dooln  have  an  area  of  8285  sq.  m. ;  of  this  100  aq.  m.  are 
occupied  by  covered  warehouses.  A«  the  name  implifj*.  it*  principal  trndf  is  huildiog- 
materials.  As  with  the  JSaaoy  docks  here  too  is  a  private  basin  with  mooring  space 
Ibr  two  boata.  Orer  thia  baain  ia  a  platfenn^bridge  widi  a  10  ton  orane,  aa  at  Qt» 
public  port  for  diioharging  stone.  Similar  articles  and  other  goods  are  disflhaiged 
))y  tliis  rippamtus,  iimont^st  them  lime  in  bags,  bricks,  tile?,  which  are  lifted  from  fllO 
boat  un  to  platforms  and  similarly  plaoed  on  truoks  or  waggons. 
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The  basin  U  in  connection  with  the  circular  railway;  the  connecting  line  of  per- 
tuauout  way  skirts  the  b»ain  and  tiuam  at  direct  transhipuicutd  to  be  cffeot«d. 
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(A  A).  Tlw  «  n.  IB  ofM  «aaiL 
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to 
IM. 

316 

1.378 

(A  A.)  —  The  traftio  under  privutu  port8  tiouiprises  4i)4U  toii»  disvharged  in  upen 
canal  by  »  timber  merchant  and  8027  tons  for  «  spinner,  also  disoliarged  in 
open  mmL  The  pwi  eonunimioatoa  with  Ui«  Kanoy  droalar  railirsy  by  •  puUie 
traaahipmenl  fine: 

Tow-path. 


By  tho  Company's  tariff  regulations  the  port  is  open  for  transhipmtmtt*  por  full 
waggon  only;  traders  and  others  must  eifeot  their  own  transhipments  and  arc 
oluuiged  ft.  0.20  p«r  ton  Ibr  itotioii  aoooiiiodfttioii.  The  raili  are  14  m.  froai  the  edge 
of  the  mooring  aiding,  whioh  is  not  walled.  There  is  no  eargo  handling  plant  The 
traffic  in  transhipnients  isi  nluioHt  nil. 

ik  B.)  —  The  port  serving  these  blast  furnaces  is  fonueil  by  a  simple  quny-wall 
along  the  bank  of  the  open  canal  and  on  the  same  side  as  the  tow-path.  There 
is  mooring  spaoe  (160  m.)  for  fonr  boats.  The  floor  lerel  of  the  wharf  is  1.70  m. 
above  the  wHter-level.  The  traflic  consists  of  shipments  of  oast  iron  and  disoharging 
of  coke.  Tlie  eoke  in  taken  from  the  boat  in  bfVikets  and  deposited  beyond  the  tow- 
path  on  ground  belonging  to  the  works.  The  cost  of  this  labour  is  fr.  0.60  for  the 
lower  layer  and  for  eaoh  saeoeasive  layer  an  additional  fr.  OjW  per  ton  For  iron 
nnloaded  by  means  of  wheelborrows  Oie  east  is  fr.  OJO  and  upwards  aeoordiag  to 
distance.  There  is  an  inclination  to  adopt  meohanloal  appliaaoes}  bnl  hitlierto  the 
hesTy  first-ooet  has  proTentod  its  realisation. 
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(AC.^  —  This  purt  is  workeil  dnilArly  to  t1i«  aboTe  nMued  blMt  fiiniMM  (AB). 
It  it  on  the  apHitreun  aide  of  the  oanaL 

(AD.)  —  Thoag'h  public,  fhiB  part  deriTM  its  tnfflo  Awm'tiro  estaUiilimeiitB; 

thill  traffic  conoists  of  coIllbuHtibl^  iinitiTial  i  imkiI)  and  of  linic-itono,  both  in-coniing; 
there  is  no  qaay>wall  to  the  bat^iii,  but  &  portion  of  the  bank  is  faoed  with  upright 
timber.  In  virtue  of  a  terminabln  authorisation,  tlie  proprietors  of  the  workH  hate 
plMwd  ft  tntTfilling  BteBiB<oraiie  on  rails  on  the  wharf;  it  ia  however  of  old  p«ttem 
Mill  unsatisfactory. 

Coal  disohHr^i'i!  and  stacked  on  the  etorin^  npaoe  OOttt  for  Iftboor  it.  0.80  ;  lime* 
atone  delivered  nt  tin-  worlu  aku  fr.  0.20  per  ton. 

The  proprietor  pruposei  to  lapenede  l^e  existing  crane  by  a  more  periutl  m«diai> 
nioftt  ftpperatiu  oapable  of  both  diaohArging  and  honriag  ourgo. 

(A  E.)  —  Combustibles  discharged  and  rook  Halt  loaded  b)'  hand  and  wbeel- 
burowa,  or  wifli  roUera  on  tceatle-supported  platfonna  or  mna  along  the  deofc  of 
tho  hoA 

CombustihinH  discharged  cost  fr.  0,7%  ftod  aftlt  loftdod,  fr.  OJH>  per  toQ.  Fron  boftt 
to  storing  place  in  about  50  metreii. 

(A  F.>  —  The  wharf  Ixdonging  to  this  eetaUishment  ia  on  a  mooring  aiding  for  one 

boat.,  fffi'ctcii  liy  a  riiiiiilr  wiili'nin:;  of  th<"  cnnn!. 

Coal  is  discharged  and  rook  salt  loaded  un  the  tow-path  side  of  the  waterway. 

A  ateam  3  ton  pivot  erane  on  tbe  end  of  a  platform  at  right  angles  to  tbo 
ennal  and  8  mettee  above  fta  watoMevel  aervee  tor  diaoharging  oeal.   Thia  ia 
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done  in  1  toil  Inn-^,  wliirti  t\if  rranv  lifts  frum  the  boatfl)  OUrriW  MNW  tlM  toif- 
path  and  plaooH  on  the  train  of  waggons  on  the  platform. 

Tbea«  are  tipped  and  the  coal  atooked  50  metres  awaj. 

In  20  honn  »  piniehe  i«  discharged  by  B  in«n  nt  •  «O0|  of  ftr.  0.80  per  ton. 

Cradled  salt  loaded  in  bulk  m  nm  over  the  boat  in  smell  waggons  ««  Mperpewd 

pltttfomifl  nm\  tiypod  into  fixed  hoppors. 

Salt  in  Baok»  is  put  on  board  boats  by  a  shout  from  a  trapped  platform  uerviog 
nlw  to  load  waggoDs;  tiie  oanal  and  the  oonneoting  line  between  tike  werks  and  the 
railways  axe  oontiguoua  here. 

The  cof?t  of  h1iip|iini,'  crii^lK'd  unit  us  luilk  pargv*  taken  from  the  warehouse  100 
yards  away  is  estimated  at  fr.  U.26;  8  men  can  thus  load  a  penicJie  in  18  boars. 

Taken  from  waggons  at  the  entranoe  to  the  platform  and  embarked,  the  eoat  h 
fir.  0.2S  or  fr.  O.M. 

Rook  salt  brought  in  carts  or  other  vehicles  alongside  the  quay-wall  is  hImo 
shipped  by  the  works  at  a  oost,  for  transhipment  from  Tehiole  to  boat,  of  fr.  0.28 
to  fr.  0.24  per  toa. 

(A  6.)  The  transhipment  port  of  Yarangt'villc  is  by  ito  aitnatioa  an  exoellent 
example  of  a  port  of  jtiturion  of  rnnn\  nm\  railway. 

At  this  point  nli  goods  for  the  Yoagcs  valleys  must  porforoe  leave  the  canal; 
and  inTenely  all  pradnoto  frwn  tluiae  Talleys  may  be  here  transhipped  from  rail  to 
water.  Unfortunately  there  ezisto  neither  p-ound  space  nor  appnratuH.  Th>'  niuoi  ing 

WHter  con"»t>^^^  of  a  narrow  but  long  gap  madn  in  tlir  tipstrfHtii  iifink  ii'ijuiriiriir  the 
Vorangevillo  station.  A  siding  or  supplementary  line  belonging  to  the  station 
■ervea  as  a  traniUpsrant  line  aad  is  tnit  0  metres  from  &o  top  of  the  quay-wall. 
Then  oomes  the  main  permanent  waye  et  tiie  Paris— Avrioottrt  railway. 
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ThA  port  has  no  piant;  coal,  stonu,  nali,  ot  which  the  tratKo  moinlj  oonsiate, 
sre  traiulripped  hj  lumd  witii  «iih«r  wliMllwrrowi  or  roU«rtt.  It  it  undertaken  hj 
til*  m«MlMnt  hlmtelf  and  muat  be  direot  from  bent  to  rail,  or  viov  versa,  on  account 
of  thf  non-fxi^tcncf  of  wnroboH-ie  or  ground  epaoe.  From  the  merohant  is  due  to 
the  railway  station  exponsca  for  waggons  dt^livered. 

The  traDshipment  of  ooal  from  boat  to  waggon  ooeta  fr.  0.40,  elation  expenaee  not 
Inelnded ;  aalt  firoia  boat  to  waggon  ooale  fr.  0.85,  the  Mlt  being  mainly  in  aaoke. 

▲  ton  of  tmpp  ooats  from  waggon  to  boat  fr.  0.S0  to  fr.  0.85. 

(A  H.)  —  Thie  oetablidiment  has  n  wbnrf  160  m.  long,  along  a  widened  oanal 
eiretdi.  ▲  frame  work  or  aeaffold-platform  extending  orer  the  low-path  oamee  a 

travelling  winch  by  which  Hmall  waggons  can  be  transferred  from  tin-  boat  to  thp 
line  of  railway  *prviri,'  and  otitfrintj  tho  works,  Klpctrioity  is  the  motive  power  for 
this  winch;  a  receiving  dynamo  inn  onbin  on  the  platform  commands  all  its  mechanism. 

(  A  l.'i  —  Thlfl  salt  factory  possossen  a  quay  which  is  a  prolongation  of  thiit  of  tlic 
lidjoining  soda  works  and  exists  under  the  same  conditions.  Two  stockade-platforms 
at  right  angles  to  the  canal  servo  for  embarking  rock-salt  This  it  run  to  the  extremi^ 
of  Oie  itoolEade  in  small  waggons  on  raJls  arranged  in  sneh  manner  that  the  oantre 
of  gravity  of  the  burden  oarried  is  on  the  rotatory  axle.  The  waggon  is  tipped  by  n 
workman  at  a  hopper  and  the  salt  fisUs  into  tbe  boat. 

(A  R.)  —  Of  all  flie  diffwent  works  wMoh  oonlribnie  trafflo  to  dm  Mamo  an 

Khin  ranikl  Messrs  Bolray  and  Co.*S  oslabli-ihmcnt  is  by  far  the  most  imiutrtaiit.  Ita 
dock  is  formed  by  a  widpninsj  of  the  carml  to  acoomodnto  a  line  of  hoatti  alonsj 
430  m.  of  quay-wall  on  the  up-stream  bank;  it«  excellent  and  powerful  apparatus 
allows  of  a  high  llgnre  of  tonnage  being  embarked  and  disoharged.  In  1808  its  total 
was  468970  tons,  or  more  than  a  qnarler  of  the  total  of  all  the  pmrts  oombined 
betw«Mi  Yitry  le  Franf  ois  and  Xnres. 

The  total  468670  is  made  as  follows: 

eUfiiMBta  or  maaafiMturad  prodncls.  salt*  or  wkta  .....  S^IM  tons 

Boat  Mlvcries  of  oombutJblcii   Ui.Ml  • 

*        .      .  lin*   'i»a,m  > 

TaitoM   1,1m  • 
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The  plant  of  the  port  oomprises  (see  plan  and  detaiU  of  appliaaoea  Plato  VIII) : 
(a)  A  flmall  stattonary  pivot  orsne,  ued  fbr  lumdling  «d4  mm*  and  pMkages 
•od  onlf  meotianed  for  the  aake  of  order. 

(f<)  A  cuble  apparnhts  fsnr-  fi;;.  n".  2)  for  disoharging  coal  which  i«  to  be  gtorod. 
The  combustible  is  firiit  iiftuil  vertically,  then  at  a  suitable  height  carried  horizon- 
tally aorosa  the  high  road  ranniug  between  the  works  aod  the  canal  to  the  place 
wkereitistobelanded.  The  ayitenn  and  prineiple  regarded  as  a  nhole  ooiudstBOf  aeop- 
porting  eablo  strctcliiiig  from  the  top  of  a  metallio  atockade  (N)  to  a  leooad  frame 
work  over  the  boat  U>  hr  iHwhargcd.  On  tho  rnh1f»  nin^  n  •*ma\]  wa'^ijon  with  an  ' 
arrangement  of  levers  and  catches  allowing  oi  a  10  cwt.  waggon  being  attached.  The 
waggon  i«  propelled  by  a  Iraetion  rope  winding  ou  the  dmm  of  a  tteann  wineb;  a 
eateh  pennitB  the  waggon  to  dmeend  atttonatioallj  into  the  boat  and  when  refilled  to 

ris<'  )ii;ain  ;  it  followH  the  horizontal  cable  t(»  thf  dcxired  point  where  a  stop  catch 
jirovokoH  ita  discharge,  and  a  countor-baloficinL;  urriirii;i  riient  oauM>d  it»  return.  All 
tho  manoeuvring  is  regulated  and  controlled  from  the  cabin  (,N)  which  corresponds  by 
oonventional  signs  wiOi  the  gang  of  labourers. 

By  this  arrangement  890  tons  of  ooal  and  other  fhel  oan  be  diaoliarged  in 
15  hours. 

All  band  labour  and  working  expenses  for  unloading  amount  to  between  fr.  0.ii 
and  fr.'0.S6  per  ton. 
Tiie  first  outlay  for  the  apparatua  was  ^iprozlmately  fr.  90^000. 
(a)  A  Stockade  platform  with  a  series  of  eranse  oonstitttting  the  essential  feature 

of  the  port's  equipinfrit. 

The  stockade  parallel  to  tho  canal  is  fixed  on  the  wharf  between  the  tup 

of  the  quay-wait  aad  the  main  road  (see  plan,  PI.  Yltl  figs.  1,  8,  5,  8).  It  Is  240  m. 
long.  Its  floor  is  IM  m.  above  the  water-level  and  7.60  aboTO  the  road  level.  At 
different  j)oint!<  on  prnjrctin^'  font  IxiiiU  are  10  hvilraiillc  eranes  of  1201'  kir. 
(25  cwt )  power  for  discharging  rough  material  from  boat  to  waggon,  or  recipro- 
oally  to  put  on  the  water  the  produets  of  the  works. 

Two  metal  bridges  run  from  tiie  works,  one  aoroos  tiie  high  road  (0  D  of  ttie  plan) 
to  the  canal  and  the  other  across  both  the  high  road  and  the  canal  (K  F  of  the  j 
plan),  and  oonnorfinft  thf  two  i^rottp^  of  work^hwps  on  opposiff  side*  of  tho  canal.  | 

The  small  waggons  consist  of  loose  bins,  on  iixed  platforms  on  wheels.  The  bins 
are  lifted  by  the  oranes  into  tiie  boats  aad  when  filled  are  returned  by  the  saate 
means  to  their  tnudn.  On  flie  steokadee  aad  bridges  are  two  lines  of  rati  for  ftill  or 
empty  waggon<?.  ' 

Limestone  is  mostly  diruotod  upon  the  bridge  which  spans  the  oanal^  and  at  the 
end  of  this  by  a  hydcanlie  Uft  raised  to  a  maiimnm  of  1  or  10  n.  and  tipped, 
or  oflierwiBe  distributed  in  die  lime  works  (see  plan  fig,  4). 

i'4irriecl  forward  I    -    [    —  I  U,aji  [  7,01»  llUi^iOttiasa^lLviul  llX)4,<a«Le8^6&o[ 
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Comlnutililo  matariali  too  are  diraetad  towanlB  tb«M  Moue  workt  «r  to  the  bridge 
itpanniag  tiie  high  road ;  at  the  find  of  tilO  bridge  the;  are  either  stored  ur  tipped 

into  hoppers  whioli  fcrri  otlior  niisoil  waggons  nitininf^  to  dilTfrcut  {itirtA  of  the  works. 

Manufacturod  produots  should  pntM  iiuualy  by  the  bridge  C  L>,,  but  ats  thia  part  of 
ttio  «eteblislun«nt  is  not  yot  completed  mMk  of  the  OOtpttt  U  idiipped  by  abootit, 
tbaie  raniiiiig  from  the  ptetfom  dqvn  into  ihe  bosia,  or  by  wheelbanow  and  Ikand 
labour  are  deposited  upon  the  lower  wharf. 

In  1893,  the  first  yrnr's  normal  working'  of  tlio  uitparatUB  ju«t  dwwribed,  tbo 
hydraulic  cranes  served  tor  the  discharging  of  260,000  tons. 

Th«  cable  arrangemeDt  near  it  landed  40000  tone.  The  snrplus  of  goods  loaded  or 
disoliargcd  is  for  the  most  part  run  aoross  the  public  road  in  whealhairows,  but  (hit 
means,  fi)riiii'rl\  tli<'  rinly  niic  ciiijiloytMl,  is  di'stint  il  to  sliorily  iHsapp<'ar. 

The  <XMt  of  discharging  cargo  by  tho  cranes  id  estimated  to  he  aii  follows: 

For  llneslone: 


I.  I»DS  put  ou  trnckK,  uvm  the  craneii,  includiug  t'«re  .....  fr.  UM  to  fr.  (KSS  p.  tun 
%  BlH  omied,  dUctaifed,  tad  ratmnod  to  nd  from  the  atwlag  ' 

place  MM»dlag  to  diitaaoe  and  ivrti,  from  ■  IMS  •   •  OuM  •  • 

For  eool; 

1.  Bias  pat  on  wanona  from  •        •   •        «  - 


%.  Warn  taken  to  otoHng  gnrand  or  boppen,  and  Inoo^t  baok   .     .     .     ■  odt  •  «  OUU  •  • 

For  Coke  douMo  Ho*  c^o^^t  of  ooal  should  Iw  eonnted;  with  two  manes  working  a 
250  ton  boat  can  he  di:>uliurged  in  5  hours. 
For  disoharging  cargo  by  wheelharrow  tiie  oost  may  be  oalealated  as  fottows: 

For  limestone: 


I.  TikOB  front  lM«t  and  convoyed  i  sta£««  on  tho  lavel  fr,  IMiB  to  fr.  aW  p,  ton 

1  TIjpgwd  In  a  hat^  aocordlng  to  dlatonco  and  lavel.     .....      •  OuSO  •  ■  US  >  • 

For  Coal : 

Tikm  from  tbO  boat  and  run  2  stages  un  level  gruutui  ■  OSS  ■  •  9M  •  • 

MoNd,  Mootdlpc  to  dtatoaoB  and  bolght  OjU  •  •  OflO  •  • 


For  ooke,  here  also  doable  tko  oost  of  ooaU 

Carried  lurward  {    -   |    —  (  V^fit,  7^19  i7aM(«I»tM.iUllsaiyi»M|  lu:H,i.<idll<lH.t{aul 
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To  di^barge  a  boat  by  band  labour  with  wlieulbarrows  takt'U  about  thi-ee  uoicsthu 
time  tiial  n  raqviaitB  wlun  oranm  are  mad. 

Tti«  eo>t  of  the  platfomra,  oraaea  and  aeoBflaoriea,  buildings  aad  mohiiMry,  not 
ineliKiinq;  nny  pnrt  or  nppamtlU  Of  tllO  WOrko  prOpOT,  is  Ofttimated  io  hftTO  1l««n 

approximately  fr.  400,000. 

(A  L.)   r.onrling  and  nnloading  opendona  an  affeoted  in  a  private  dook  96  m. 

long  by  G  m.  wide. 

(AM)  Thi\  salt  wurkh  rstnbliiihinont  poaaewea  on  tb«  np-fltrenin  tow-patli  a 

110  m.  »tretvh  ut  qtiay-WHll  and  wharf. 

A  Htookade  bridge  ttpans  the  tow«path  on  the  floor  level  of  the  works  and 
nerrea  for  embarking  rook  salt  by  maans  of  hoppan  and  otkar  applinnoea.  Taken 

np  to  the  pntranoe  to  tho  worka  on  Mmall  wui^'^'oni  and  Hhi]>pod  the  coiit  '\*  estimatad 
at  fr.  0.135  p<'r  ton.  Shipment  of  -^alt  in  sack-  trom  the  \viir«>houHC'  120  ni.  away 
uODtit  fr.  0.62  per  ton.  Coal  ia  dit^^hargt-d  by  wheelbarrow  and  together  with  itd 
Storage  25  m.  firon  tfae  canal  oosts  for  labonr  about  fr.  0.40  per  ton. 

(AN.)  In  a  private  boida  40  m.  by  15  m.  adjoining  the  port  of  Xure»,  the  oul- 
Uerias  of  La  Nord  and  of  Belgium  operate  transhipments  of  ooal  far  Aa  diatriets 
served  bj  the  shallow  oanals  of  AlaaoO'Lomine.  By  means  of  shovels,  tiie  ooal 
being  simply  thrown,  it  oosts  fr.  0.95  per  ton  approximately. 


Digitized  by  Google 


61 


Summary  and  Observations. 


The  foregoing  doaoriptions  give  a  contplotc  idea  of  the  fonolioiioof  the  ICnne  an 
Khin  Canal  ports  nnd  enable  us  to  estinuitL'  its  workin;^. 

From  tho  tigur^s  given  the  following  rt^ttultH  uay  be  drawn. 

Of  «  total  tnJBo  of  787709  tons  ahipped  and  9975B0  di«ehused,  together  1765Sei 
tou,  500650  tens  ere  manipulated  by  more  or  leas  pcrfi  i  t  nieoheili««I  appliuioefl  iaeh 
a«  crane*,  winoh»"<,  stuckii<lt«»  etc.;  almoHt  all  theae  «p]iliiiiuO'<  arc  on  privato  whnrf<«, 

Of  tho  17G5261  tout,  1114620  tolu  are  handled  on  private  wharfs  or  in  open  flanal 
for  private  bvUding  yard*  or  motka. 

The  trelBe  of  piihUe  perts  on  the  other  hend  reaehee  660Mt  tons. 

On  examining  tho  tables  given  it  will  be  found  that  of  this,  370818  tons  mm  fiir- 
nisht^l  by  tho  limited  number  of  43  wholesale  transport  tirm^,  winnutiictiinTS  or  mer- 
chants, making  an  average  ot  8ti2U  tons  approximately  lor  each  of  those  pnacipal 
tmne  eotttrihetonk 

If  tnm  the  total  tonnege  of  public  ports  the  S7081S  just  mentioned  be  deducted, 

th»»rf«  results  73823  tons  transhipped  in  3  Juin  tion  ports  and  205995  tons  of  miscellnne- 
ouii  goodii  whloh  may  be  considered  as  the  trattic  really  oontribated  by  the  general 
publie  eiul  resoltiag  from  a  multitude  of  Tarions  and  iBdhridaally  ondefinable 
intoreslai. 

This  tonnage  of  905098  tone  is  spraad  over  69  public  poris  giving  an  average  foreaeh 
of  3433  tons ;  continuing  still  further  oar  analysis  wo  find  that  of  this  saTTif  tonnage 
3577^  tuns  must  be  attributed  to  the  individual  porbt  of  Catherine  and  lieorgcs, 
ITanej. 

49071  to  four  ports  with  from  lOOOO  to  15000  tons  each,  via.  Bar-le-Doo,  lIeD«ii> 
court,  NHnry.  MulzeviUo  and  TarangoTiUe,  the  geneial  aterage  heii^  19S66  tona  for 
each  of  these  porta. 

48489  moat  he  credited  to  7  ports  yielding  from  5000  to  10000  and  averaging  together 
9094  tone,  rn.  Berigny,  Lignj,  Hondelaineoart,  IDiuvagea,  Tonl  (porta  do  Franoe), 
Toul  (La  Vacherie)  and  Nancy  (Honsecours). 

Finnlly  72fi80  to  48  different  porta  of  loss  than  WOO,  and  avern-ring  1514  tons. 

Tho  cost  of  the  several  operationa  in  handling  trallio  varies  greatly  for  different 
goods ;  compariaoD  too  ia  difflonlt  on  aoooont  of  the  diaBimilarify  of  means  employed 
and  remit  aooght  for  in  each  port 

The  following  table,  without  fixing  rataa  abaelntelyi  gireo  an  appranimate  idea  of 
what  has  in  praotioe  been  reaU«ed. 
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Thete  fitfures  apply  to  «p«r«ti«iiB  of  a  ocriain  importuMW,  elimuiatiDy  M  work  not 

]>ortaininf;  to  cnrgo-loading  or  diiioharging  proper.  Under  these  ronditions  they  shtsvi 
thut  the  use  of  uiechanioal  appliances  gern  rnlly  nefiirci  economy,  hut  that  tlic  saTing 
ii  greatest  when  it  is  possible  to  have  apparatus  specially  suited  and  exclusively 
intended  for  «  detonniaod  oIom  of  mordinndiM,  whioh  is  poaaiUo  only  in  privftte  or 
in  very  large  public  ports. 

"With  regard  to  rapidity  an«l  fuoility  of  0]H  nitioTi*  tho  gain  isj^ront,  morp  important 
perhaps  than  the  gross  Aod  not  always  easily  e»ttuiated  monetary  differences  of  cost. 
It  way  abo  maarkod  Aat  in  tii«  ozamples  given  above  tho  tinie  raqniiad  for 
loading  or  for  difloharging  a  boat  by  maohanioal  means  is  only  one  tiiird  or  one 
half  that  required  for  the  same  work  done  by  hand.  Oft^n  the  gain  is  still  greater. 
Moreover  the  numhrr  of  labourers  roquin  d  is  notably  lessened.  The  croTinmy  of  time 
and  men  is  generally  the  most  predominant  question  in  questions  pertaining  to  the 
eqnipmont  of  largo  publie  as  veil  ss  private  ports. 

These  flgarei«  and  summarised  explanations  leem  to  furniith  a  jnstifioation  for  the 
general  conniderations  referred  to  nt  tlu»  mmmencpmpnt  of  tJiis  Pnppr.  fspeoially  in 
wh»t  haa  relation  to  publio  ports,  their  needs  and  their  possible  olssaification.  It  is 
on  these  grounds  that  we  have  prodnoed  it. 


CONCLUSIONS. 

Ab  a  conclusion  to  <h«  general  eoneidemtions  dcrdopped  in  {he 

present  Paper  and  of  the  facts  observed  in  a  large  number  both  of 
public  and  of  private  inland  navigation  porti*  we  judge  it  useful  to 
complete  ns  follows  the  resolations  adopted  by  the  Congrees 

(PariH  IS!  12). 

After  art.  2  there  should  be  added  3  par^raphs  which  we  word  as 
follows : 
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'•2a.  hi  iiu  h  pnrl  the  development  (o  he  given  to  the  plant  ihould  depend 
upan  the  importance  and  real  needa  of  the  port. 

In  imporimni  porta  dentisud  io  hwte  a  complete  plant  {raUway$^  ak&ky 
vmrohouo^  ecufo-handtii^  appUaneeo)  Ikio  pkuU  ahmtld  be  eeUMehei  upon 
a  gmenl  pbm,  ao  that  the  d^eraU  eotuUtuent  e/«fnente  lAaU  be  tn  perfeel 

rdadan  to  one  another. 

The  plant  of  the  navigable  way  proper  should  include  special  applian- 
ces for  embarking  and  discharging  merchandise  and  packages  of  exceptional 
xoeight  or  dimetmona  at  all  poinia  where  such  applian^  are  likely  to  be 
serviceable. 

Again  we  propoae  to  append  to  tflide  8 :  ~ 

8a.  Prinate  appanUue  may  be  authofieed  tn  pviUk  porte^  provided  ite 
eieittenee  be  not  contrary  to  gmertd  inlereitt. 

To  promote  the  development  of  pktntt  prweUe  mUiatwe  ehould  a$  fbr  at 
jNwmbfo  be  femnured  cmd  encouraged. 

Tn  unimportant  ports  nil  npporo.tm  and  outlay  not  fxiUy  jimiifled 
should  be  avoided.  Hire  private  initiative  seems  particularly  liable  In  give 
satisfactory  economic  results.  Assistance  should  however  be  afforded  by 
simplifying  to  the  fullest  possible  extent  all  formalities  necessary  for  fixing 
mi  tDorhing  plant. 

For  importoMl  ports  a»  uwU  a$  for  opeebd  plant,  for  handling  pieeee  of 
exceptional  im^AI,  public  bodies  may,  in  the  abeenee  of  private  enterprise, 
usefully  intervene  and  concur,  either  directly  or  through  authorised  persons. 
Concessions  relative  to  plant  mmt  emanate  from  the  central  hoihj. 

To  all  authorisation  r/ircn  for  plant  must  be  appei\ded  a  7na.iii/tum  tariff, 
under  which  the  plant  shall  be  at  the  di^inml  of  Uie  public,  without  favour 
or  preference. 

It  is  imporiant  ptoreooer,  thai  ^ress  be  laid  upon  the  tev^porary  and  twO' 
caliU  tharaOer  of  the  oondiHons  of  auihorisation  of  the  plant 

Paris  and  J^ancy,  AprU  25tb  1394. 
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PLANCHE  L 
■Ht  ie  Lw*  ft  de  LUvbk 

'^Rv'jrTe^  'iembttqiMillMllt. 
Foan  a  coke. 
I     Miison  du  pr^{>o9^ 
Pont  de  balag«>. 
Appareil  de  transbordement. 
Vow  principale. 
V»gon8  vides. 
Vente  par  voiture. 
XmoB  da  eb«f  d»  q,nai. 

i  MIm  de  BMhiu. 

Vtk  d«  Mtnod  tHSU  i  Itt  Up)* 
, . . , 

I    Tfliat  danortrMt  kt  ydttdetriage. 

Vot«8  de  triage. 
■'  j'biiteurs  autoiuatiques. 
<o;e  de  chargement  de  bois  etem- 
barquenent  de  criUet. 
I    Claine  de  toiMge  ct  pompe  aliman- 

Biscoles. 

Deput  de  bois. 
!    Ptan  4  ook». 

CharbonoaoM  rAuta  il  FafM 
(to  DmhIi. 

Verrerie. 

ih^in  lateral. 
SntiM-. 

fka  d'MMcmbla  du  ports. 

tot*  ir«u  itw  €kirtQiM|w 

d*ARztii. 

I>rti6t  de  C^mblea. 
Hdangeur. 
'  tei  tu  chwbons. 
EaUrqnenant  h  la  grne. 

fjibBrqueuiont    de,s    briijnettw  «t 

dtt  gailleteries  a  la  uiuiu. 
Hill«  de  d^p^t  de  gailleteries. 
^otgm  ei  banta  foarneftiix. 
hit  tonrnaBt. 
Bris  lie  dwharge. 
£atree  des  bateaux. 


BLATT  L 
%nkm  vn  Lmm  kmI  vm  LMvii. 

(ileitbalinf  n, 
Kokesufcn 

Uaos  des  N'orstabm. 

LeinptaJbriicke. 

T3  m*i;  hlugapparat. 

Hanptweg. 

Leere  Waggons. 

Verkauf  in  VVagenladnagvii. 

H»aB  des  KftiTont«hen. 

flnhM  B4Hiwt. 

Aaaebln^geleis  tn  die  Bieentwlm ..... 

Zu  den  BugirgeleiBBii  Ahrande 

Geleise. 
Ran^rgeleise. 

Geleise  fiir  die  Lailun^  son  Hub. 

and  die  Einschittung  vongesieb- 

ten  Koblen. 
ZogkeUe  nnd  Speinmgipainpe. 

Waai,'cn. 
Holzla^er. 


KoMeaoritoi  vm  Aiihi  mi  IMt> 
innvtrfce  Owaln. 

Glasfabrik. 

8eitenweg. 
Fasspfad. 

OeBammtansicJit  der  H&fim. 

Ntfltabeoken  drr  Kohlengnibaii 

von  An2iB. 

Statteplatx. 

Mischapparat. 

KebleQwerft. 

Etttecbiffbng  mit  Krabnen. 

Einscbiffnn^  von  I'rass.  and  NiM- 

Kohlcn  iliirLli  litiudarbeit. 
lAgersi  huppen  fiir  Nnsskohlen. 
fiiseawerka  and  HocbiifeD. 
Drebbiilcke. 
Abflnissarni. 
£iji&hrt  der  Scbiffe. 


PLATE  I. 
Lmm  aad  Uwln  MImm^ 

Loading  shooti. 
Ckike  ovens. 

Hotue  of  officer  in  ebai^. 

Tow-path  hri(li,'p, 
Tran'--!-lii|ipiiig  apparatus. 
Prim  ij>al  way. 
Empty  waggons. 
Sale  oy  waggon-load. 
Honee  of  wMrf  nunler. 

BillNMlliMl. 

Bailway  oonneeted  with  tbo  Uoo 

of  *  I  »  a  0 

JUaM  aerving  eortiiig  liaai. 

Sorting  lines. 

Autoinatir  tiUintr  wn^.'tjijii's. 
Line  for  loading  woud  and  sifted 
coals. 

Sanbin  cbain  aad  feeding  pomp. 

Weighing  marliinea. 
Timber  ware-boaae. 
Coke  OTOOB. 

Aotin  ooHienf  tuKl  Ooaota  bwi- 
worlw. 

Olass- works. 

Side-road. 

Foot-patb. 

ComprabeDBiTe  pngectioo  of  porta. 

Waitr  liattona  of  the  oolllariM 

of  Anzln. 

fur  depoeit  of  goods. 

Uixer. 
Coal  wbarf 

Sbipment  hj  neam  of  cyanea. 
^       of  briqaattee  and  nata, 

by  Laud. 
Ware-boase  for  nuts  (coal). 
Iron  works  and  blast  fornacee. 

Swinging  bridge. 

Ovf-r-flow  jiassa^f. 
Entrance  for  boat«. 
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Minet  de  Nomx. 

Rigole  t1«>ss^b«ineiit. 

•  hire  lie  triatje. 
Kiii]j1o_vi's  Ju  rivage. 
Ksf  raiif. 

Btvmn  lie  vimMat 

Yoi*  venant  d«  Ihamw. 

Marhint^  i'Mrttoira  alimenlsnt  1m 

Ecnrie. 
Pont  levis. 
Cbarbont  en  d^pdt. 

Mines  de  Qourrieres. 

(^hetnin  de  hal*g0. 
Aqueduc. 
Font  flzA. 
Hmr  de  qiiai. 
MacbiDe  an  tanaga 
Bawale. 
Ch&teau  d'eau. 
Voie  directe. 
„  de  nsnoMTrn. 

„   de  triage  et  de  composition. 

Voiea  des  traits. 

„     des  Efriifs. 
Voie  pour  la  vente  au  comptant. 

MliM  d6  Bniay. 

Limite  des  temint  de  la  Cie.  dea 

Mines. 

Voies  fcrrees  reliant  l«»  tusses  au 
canal. 

Maiaon  d'lutbitatioo  dn  Cbef  da 
rivtga. 

Maisons  de  eard(v«. 
Dt'pot  poor  la  vente  en  detail. 
Hangar  pour  d«'poser  du  charbon. 
Baaain  poor  I'embarqaement  des 

chuKwn, 
Terrain  pour  dt*  power  leis  stocks  de 

la  Comuagnie  au  Oaz  Parisien. 
Chatedu  d'eau. 

Maison  d'babitation  de  I'affreteur. 
Ba^sin  pour  te  d^har|;ein«Bt  daa 

l>ateau\  de  hois  et  di%'er«. 
Terrain  jiuiir  les  iK'puts  de  bois, 
Basruli'Uis    liydranliijues    jmur  de- 

charger    les    wagons   dan!<  lee 

bateaux. 
Priae  d'Mo  povr  la  loeomotiYe. 

MlMt  dt  MarlM. 

Tndicateur  de  direction. 
Voiee  de  ^ra«e, 
Voiea  do  aarrraa. 

Traversee. 

Voie  d'orriv^  des  wagons  charges. 


2 

finiiMM  VM  Nsiix. 

EntwSiWtrnngsgrabeil. 

Raiii,nrl)aIiiiliof. 

Werttbetunt*. 

Ladcgeriist. 

Anaweich-  (Wende*)  Beckon. 
Von  den  Qrnben  liomnondeaQoleiaB. 
Hel)emai4i<biao,  wolcbo  die  GralMn 

bedient. 
Stall. 

Aafiieh  briicke. 
Kohlen  lager. 

Gruben  van  Courrierea. 

Ijeioprail. 

Aqnaeiiiii't. 

Feate  Briiclie. 

Kainaaer. 

Srhiffszuginaaebine^ 

Waage. 

Wasserstation. 

Dnrchgebendee  Geloia. 

Rangirgeleise  (zum  Ueberflihraianf 

anilere  Linien  etc.). 
Rangirgeleise  (zum  Sortiran  TOn 

Waggons  nnd  ZaaainBioastan«ii 

voa  Ziigen  otc). 
Ladetriehtergoletw. 
Krahngeleise. 

Oeleise   fur   den    Verkanf  gegen 
BaamUang. 

Srabfli  van  Bmy. 

Oraase  das  Oelandea  der  Gmbeo- 

gesellsohaft. 
Cleleise  zwivcben  den  liruben  und 

dem  Ranale. 
Wohnliaas  dea  Werftvorsteiiora. 

Aufseherhiiiiser. 

Niederlai^e  fur  dou  KleiBverkauf. 
Koblen'-.-hujitien. 

itedten  zum  £inachiflen  von  Koblen. 

Lagerplatze  fiir  die  Vitrrfttha  dar 

Pansier  (ia«ges*^ll.sr|iaft. 
\Va.s.»erstation. 

WobnhaQs  des  Verfracbtera. 
Bedmi  sum  Ansscbiffoa  roa  Hola 

and  anderen  niitarB. 
Holzlagerpliitze. 

Hydraiilisrhe  llel)ekiji]wr  zttm  Eiit- 
laden  von  Wai;>?ons  in  die  ijcbiffe. 

Speiaepampo  fHx  Lokomotivea. 

OnibM  vwi  Mttrtot. 

Kicbtungszeiger. 
Parkiruagageletse. 
DurrhgaMade  Oaloiaa. 

Kreuzung. 

Ankunfti^eleis  far  beladeue  Wag- 
goita. 


NaMnc  MbMa. 

Traaeb  fbr  drying  purpOMi. 

Sorting  station. 

Ligbtermen. 

Platform. 

Taming  lioaia. 

Railro«3  coBiag  firow  fba  pita. 
Elevating  machiao  for  Mmg  the 

pits. 
Stables. 
DraW'bridge. 
Stacked  eoat. 

Courrierea  Mines. 

Tow-natb. 
Aqnednct. 
Stationary  bridge. 
Qnav  of  masonry. 

Sunken  eatde  fnr  inuvenMBtof  ObipO. 
Weighing  machine. 
Water  Station. 
Direct  line. 

lane  for  maaoenrring  traiaa. 
Line  for  sorting  and  making  trains. 


Fanael  Kaea. 

Crane  ^ 

Line  for  ^cash)  sales. 


BnNQf  MliM. 

Bonndaiy  of  lead  owned  hj  vpa- 

ing  Co. 

Railroads  cuDnen'ting  the  pits  with 

the  canal. 
Hooae  of  the  wbarf  maater. 

Keepers'  hoases. 
Warehouse  for  retail  sales. 
Shed  for  storing  coal. 
Bock  for  ahipment  of  coal. 

Oronnd  for  (ttorinir  the  stock  of 

the  Paris  Gas  Works  Co. 
Water  >;tation. 
Frekhter'a  house. 

Dock  for  nnloading  timber  and  other 

boats. 

Ground  for  storins;  timber. 
Ityiiranlic  loal-tip  for  anloadiBg 
waggons  into  boats. 

LottMBotiTa  £Mding«pBaBp. 

Hwie  Minn. 

Direction  indkatar. 

Sidiagi. 

Bailreada. 

Crossing. 

Line  wiiere  loaded  waggoas  arrive. 
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Eemise  pour  les  travaax. 

y«i»  d«  It  VMte  k  ]a  CBinpigiie, 

Cncierge. 
^Jarveillant. 
£fitre«  des  voitures. 
TtMi  dM  bon. 

PLANCHE  n. 

MliM  de  IkHMn. 

Conpe  trans versale. 
Bateaa  en  charg«ment. 
MonT«ii«nt  d«  naiioevm  de  to 

tremie. 
t'^ntrepoids  equilibrant. 
B«<'  mobile. 

Wagon  en  d^faargjement. 
Gne  optnmt  le  iiaacoltmeBt  des 
caiaseB  des  va|;oiw. 

MiMt  it  CoqrrMrM. 

Viiie  ft  plein. 
inippe  mobile. 
Moavement  de  eomiBBBde. 

Passerelle. 
Trrail  de  halage. 

ChaiuiiiTc. 

Appareil  de  t«uage  du  bateau. 
(Ponr  les  antres  inscriptions,  voir 
iee  traductions  was  -Mines  de 

Aie  de  1»  Tide. 

M..bile. 
F;xc. 

Sorfme  df  >  haoflfc[. 

Bome.«»  a  pivot. 

'  vlindres  elcvatfurs. 

i.'rochets  de  soulcvement. 

B«che  d'alimentation. 

I'or.r   les  tiutrfs  iiisi  riptions  voir 

les  traductiooB  sous  .Mines  de 

Noenx'^ 

PLANCHE  IIL 
Milt  i«  Lm. 

EUvstkm  ptnltUe. 

PKon. 

Vie  no. 

CvUndre  de  basculetuent. 

<<)ape  tranKveratle  saivant  I'tse 

d  une  cjlissi^re. 
(Poor  les  aatres  inscriptioQij,  voir 

les  tradttctioiM  ^Planche  11".) 

PLANCHE  17. 

Mlnw  ie  BttlwM. 

P,^^  iilf  ur  a  pendnle  difl&rentiel. 
Vae  de  face. 


A  r  bei  tjssr  h  u  ppe  n, 

Uoleis  fur  den  Verkanf  racb  deat 

flachen  Laade. 
Pfiitiner. 

Aufseber. 

Einfahrt  fiir  Wageo. 
Oekiee  At  HohCmiporte. 

BLATT  n. 

Onikei  VM  Homx. 

Qnerschnitt. 
Fabrzeug  in  Laduog. 
Bewflgung  dee  Jitd«tficli(en. 

Oegengewicht. 
ReweglicbcB  EndRtiirk. 
Zu  entladender  Waggon. 
KrAbn  nm  Kippen  der  Waggon- 
loMted. 

6raftM  vtn  CviiTltrw. 

r.eer  and  beladen. 

Fallthur. 
Fiihrung. 
Laafbriicke. 
Zngwinde. 

Dampf  k(*ssel. 
Schitisztigapjiaiat. 

(Die  1 'f))prs<'tziiiij:;;  tlrr  siin>tii;iii 
luscltriften  Undet  man  unter 
^Grvben  von  Neenit"). 

GrilMi  von  LiMi. 

Achae  dei  Qdeiiee. 

Beweglieh. 

Fest. 

HeizflUrhe. 
Zapfeukliitze. 
Hubcylinder. 
Haken  zam  Heben. 
Wasserkasten. 

(Did  rcbi'rsi't/.ini!;  ilcr  ubrii^cn  In- 
scbriften  Endct  man  unter  „Uru- 
ben  von  Noenx**). 

BLATT  m. 

flnHim  vtn  Lwt. 

PtrallelechnHt. 

Zapt'i'n. 

Cylinder  zam  Kippen. 
Qnerschnitt   in  der  Achse  einer 

Oleitbabn. 
(Die  iibrigen  Inschriften  findetman 

flbenatit  niiler  mBIaU  IF*). 

BLATT  lY. 

firitoi  VM  BMInim. 

Kippappnrat  inltDillemstial-Pendfil. 
Vorderansicht. 


Work  shop. 

Line  tor  coantry  nie. 

Porter. 

Care-taktr, 
"Waggon  entrance. 
Timtw  line. 

PLATE 

Noent  RlfiM. 

Transverse  section. 
Boat  loading. 
Hovenent  of  the  funnel. 

Counter-balancing  weight. 
Moveable  end  of  funnel. 
Waggon  unloading. 
Crane  tipping  the  waggons. 

Ooirrltm  MfaiM. 

Empty  and  Alii. 

Trap-dwor. 

l/cading. 

Foot-bridge. 

WindliH. 

Tixt'd  cable. 

I  r'or  oilier  (lesrri]ifiuns,  M't"  the  tr;iiis- 
latioDS  under  ^Noeux  Mioeb''). 

Uevli  MiMt. 

Main  line, 
moveable. 

Fixed. 

H rating  surface. 
I'jvot  jjuiders. 
Elevating  cylinden. 
Lifting  hooks. 
Feeding  tank. 

(For  other  descriptions,  see  trans- 
lations under  ^Noeax  Mines"). 

PLATE  m. 
L«IM  MIlM. 

Fendlel  elevation. 

Ring. 

Kingbolt. 

Flo^-gate. 

Cylinder  of  coal -tip. 

Transverse  section  nt  endaffnonel. 

(For  other  discriptions  see  tranelft- 
tioBs  nnder  Pl&te  U). 

PLATE  IV. 

BrttlBM  MIlM. 

Coal-tip  with  difliventinl  pendnlttm 
Front  view. 
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Cbarbonnagea  d  Annezin. 

Chargemeot  ties  cbarbune  inelang«fi». 
Vannc  de  la  trimie. 

Cftbls  sans  fin. 

CeiQ«  d«  calaga  lateral  da  wagon. 

r 

Contrapoida  diflerentiels. 


PLANGHE  1, 

Trafit  iiioyen. 
I)t>bi»r«iut;iueuts. 

J I  sur  wagon  avsc  les  i^raes. 

^  '  i  terro  avec  le*  grues. 

n      a   la  brouette. 


KoMenbergwerke  von  Annezin.  Annezin  Collieries. 

VerluJuD^  gen]i»cbt«r  Kuhlen.  Loading  of  mixed  coals. 

Schntzo  oes  Ladatrichtfln.  Funnel  door. 

Becberwerk.  Elevator. 

Kaliel  ohne  Bade.  Continaons  cable. 

8eitli<  h>'  Memmkeila,  wekha  dsn  Wedga  to  atop  waggon. 
VVagguu  balteu. 

IKOiMroDtMl-GilgaDgewichto.  Diflert-ntial  connter-balanciiig 

weigbto. 


Castine. 
Pyrites. 
Fontee. 
PemuUvR. 

SVnries. 

A  Itrif  par  wag'Hi  avec  les  grue 


und 


et  toles  mis  a  t«rre  a  bras 
repris  poar  %ttt  chargte  anr 


i'ers 
ft     .  , 

batcan  i  bras  on  avee  1m  grata. 


BLATT  V. 

Hun  IjMliniltlii  her  Verkebr. 

Au.s.st  liiflungen. 

mittets  Krabnen  anfWagKon.s. 

t2|  Karren     „    «  » 

Kalkiiteiu. 
Kies. 

(iussetseo. 
Alt  Eiaen. 

Sehlacki'n. 

Mit   Krai) 111' 11  auf  Waggons 

<lann  auf  das  Gclande. 
Kisen  und  iilwhe  nit  der  Hand 
auf  das  Ufer  gebra<  ht,  von  da 
mit  der  Hand  oder  mitKrahnen 
in  Sobiffe  verladen. 
Gro>s.-  stii.  kp.  v^-rla.lttn  vermittdat 

de«  groHiien  Krahues. 
Antbraeitkoblen,  vom  Waggon  ent- 
nomnipn  Qod  mit  Karrea  eioge- 
arbifit. 
Hobi'Hiiparut. 
Sjmii»«puuipe. 
Wiicbterbaus. 
Uafenwiicbter. 
Laufkrabngeleis. 

Lagerpktz  fUr  fidadnng  der  Wag* 
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THE  PORT  Oh'  ROTTERDAM 

BY 

G.  J.  DE  JONGH, 

Director  of  Pnbllc  Work*.  Bottordani. 


The  aspect  alone  of  tlie  different  porta  of  Europe  is  sufficient  to  show 
to  the  observer,  in  a  most  striking  manner,  thv  diflferenoe  between  the 
systems  whieh  have  been  followed  in  their  construcrion.  In  one  tlie 
extent  of  the  ground,  in  another  that  of  tho  water,  ha.s  the  grtmler 
preponderance;  the  connection  between  the  tjpace  enclosed  and  that  left 
open  along  the  quays  is  not  in  eveiy  eaao  the  same;  the  plant  Ibr 
loading  and  unloading  is  moie  or  less  important;  the  method  of  oommu- 
nioating  with  railvaya  is  not  everyvhera  identioal,  and  go  fiwtb. 

Tho  old  porta  which  have  a  history  are  espedally  remarkable  in  this 
respect  Some  there  are  that  have  been  founded  in  a  manD«r  absolutely 
primitive,  and  which,  neverthelcBs,  have  acquired  and  preserved  conside- 
rable importance.  l')therB,  on  tlie  contrary,  endowed  with  the  advantagOB 
of  the  most  modern  construction,  only  languish  in  the  Hadde.st  manner. 

What  in  some  porUi  is  considered  as  of  the  higlie«t  importance,  in 
Others  is  neglected  aa  an  insignifioant  &etor. 

Those  who  have  the  management  of  the  one  or  the  other  can  never- 
theless lake  the  interest  of  both  to  heart  To  judge  iairly  of  the  different 
itystems  of  oonstruotkm  and  working  of  every  maritime  port,  it  is  neoee- 
aary  to  know  both  the  history  and  the  nature  of  its  activity.  This 
knowledge  should  be  dwelt  upon,  if  there  is  any  question  of  forming  a 
just  estimate  of  practical  consequences  and  of  determining  what  modifi- 
cations and  what  improvementa  the  imitation  of  cxi.«ting  works  is  able 
by  analogy  of  circumstances  to  inspire.  The  results  obtained  in  the  working 
of  ports  are  more  instructive  than  the  most  learned  books  or  treatises, 
provided  however  that  the  circamstances,  in  whieh  they  are  obfauned, 
are  duly  taken  into  account 

It  is  for  thia  reason,  that  in  a  few  short  pages  we  shall  endeavour  to 
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give  a  brief  account  of  the  port  of  Rotterdam,  its  history,  the  nature  of 
its  activity,  t)ie  dotails  of  its  conetruction,  its  advanta|^  and  what  it 
'  leaves  to  be  desired. 

THE  PORT  OF  ROTTERDAM. 

It  is  to  their  geograpMca]  ntuation  that  the  Neth^lands  principally 
owe  the  developnieilt  and  prosperity  of  their  commerce  and  navigation 
Situated  between  the  rnnntries  bordering  on  the  Baltic  and  thoi^e  of 
Southf^rn  Europe  and  at  the  moutli  of  a  river  which  penetrates  the 
very  ti(;art  oi  this  continent,  they  were  in  the  Middle'  Ages  the  most 
important  market. 

Bruges,  Ghent,  Antwerp,  were  at  that  time  the  great  meeting  places 
for  merdkante  from  all  oountrioa.  Spanish  and  Portuguese  ships  brought 
to  these  cities  the  varied  meichandise  of  the  Sonth  of  Europe  and  the 
Indies,  which  had  reached  the  BCsditeranean  by  way  of  Alexandria  and 
Constantinople,  and  the  products  of  Russia  and  tiie  countries  of  the  north 
found  their  way  thither  by  the  navigation  of  the  Baltic,  as  well  as,  by 
the  Rhine  and  Moselle,  the  wines  of  Germany  and  the  timber  of  its 
forests.  There  alno  tiowcd  in  the  produce  of  the  Flemish  industries, among 
which  woollens  and  cloth  had  a  large  place. 

The  southern  portion  of  the  Netherlands  was  at  the  head  of  the  move- 
ment, but  the  north  also  profited  from  this  prosperity.  Neither  Bruges  nor 
Antwerp  themselves  took  any  important  part  in  the  shipping  movement 
of  thdr  ports.  This  movement  belonged  to  fbragn  countries  and  to  towns 
in  the  North  of  the  conntry.  The  latter  were  soon  able  even  to  make 
sure  of  taking  the  lead. 

Originally  tho  navigation  wiu»  confined  to  sea  fishing  for  local  con- 
suniptiou.  Hott<.'rilani  at  tirst  wa=!  but  a  fishing  vilhi^'p  The  discoverv  of 
the  art  of  salting  and  [lacking  herrings  in  barrels,  which  rendered  llii? 
fish  an  article  of  exportation  to  a  distance,  opened  a  new  era  for  the 
Netherlands.  The  fishermen  began  themselves  to  carry  their  takings  to 
every  market  in  exchange  for  foreign  commodities  and  themselves  to  seek 
the  salt  that  they  required  in  the  ports  of  Brouage  et  la  Rochelle,  of 
Santa  Maria  and  San  Lncar. 

In  1475,  Hoom  and  Enkhuisen  alone  had  a  fleet  of  seventy  craft  at  sea 
loaded  witli  salt.  Herring  fishing  became  in  every  respect  a  gold  inine 
for  our  country. 

In  1562,  tiie  nninl)er  of  boats  called  bmas,  which  were  engiiged  in  this 
trade  was  estimated  to  be  seven  hundred,  of  which  six  hundred  l)elonged 
to  Holland  and  one  hundred  to  Zealand.  .Side  by  side  with  the  fishing 
fleet,  the  fleet  of  merchant  vessels  also  developed  to  the  same  degree. 
Ihat  of  the  province  of  Holland  comprised,  according  to  the  estimate  of 
that  time,  from  eight  hundred  to  a  thousand  sealing  vessels.  Amsterdam 
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sometimes  had  in  the  roads  five  hundred  large  vessels,  nearly  all  of 
them  Dutch. 

The  Dutch  had  acquired  pre-eminence  at  sea.  The  proHperitv  oi'  their 
oountry  had  therefore  gromi  oonsidembly  and  become  move  gensfalised. 
Saoh  was  the  etate  of  things  when,  in  1568,  the  rising  of  Lesser  Holland 
broke  out  against  the  power  of  Spain.  Victory  came  from  the  sea.  With 

the  help  of  their  powerful  fleets,  the  Northern  Netherlands  8uceee<led  in 
driving  the  Spaniard  from  their  territory.  The  Southern  Netlierlands 
which,  a"  wp  havr-  se^n,  had  not  the  same  resources  at  their  disposal, 
were  unable  to  meet  \vitl>  the  sarno  Huccess  and  doubly  suffered  the 
deaasters  of  the  war.  In  the  space  of  but  a  few  years  the  Flemish  cities  of 
Bruges  and  Antwerp,  then  in  most  flourishing  condition,  declined  com* 
pletely.  Oammerce  and  industry  betook  itsdf  entirely  to  the  towns  of 
Holland.  The  depopulation  was  carried  to  sncb  an  extent,  that  at  Antwerp 
a  ocMQsiderable  number  of  houses  remained  empty,  and  people  were  obliged 
to  pay  others  to  live  in  them  to  take  care  of  them. 

While  the  ..Bejjgars"  (Geuzen)  blocked  the  Flemish  ports,  they  :it  the 
same  time  succeeded  in  keeping  the  sea  open  for  themselves.  It  is  a 
remarkable  fact  that,  in  dpite  ui'  the  hotitilities,  for  several  yearn  tlie  trade 
of  the  Netheriands  was  regularly  maintained  in  the  Spanish  and  Portu* 
goese  ports,  and  we  see  the  Dutch  tcadeis  taking  thither,  not  only  theor 
gnun  and  timber,  but  even  munitions  of  war. 

The  impetus  taken  by  our  trade  and  navipation  already  excited  the 
envy  of  England.  From  the  mouth  of  Englishmen  Queen  Elizal)eth 
had  to  •3ul>mit  to  hear  it  stated  that  the  two  provinces  of  Holland  and 
Zealand  aione  pof^sessed  more  vessels  and  seamen  than  the  whole  of  the 
Kingdom  of  the  British  Isles.  There  were  therefore  no  obstacles  to  the 
increase  oS  tiie  trade  and  nav^tion  of  the  Netherlands,  nothing  could 
arrest  their  development. 

Philip  II  also,  it  will  readily  be  understood,  was  obliged  to  seek  the 
means  of  dealing  his  rebellious  subjects  a  fatal  blow.  This  he  fancied 
he  could  do  by  twice,  in  1584  and  in  l.')94,  ordering  theseizureof  the  Dutch 
vessels  in  the  ports  of  Spain  atul  Portugal.  The  town  of  Hoorn  alone  thus  loft 
thirty  vessels  in  1584.  But  tliis  measure  was  especially  unfortunate  for 
Spain  herself.  Prevented  from  buying  the  produce  of  India  in  thenmrket** 
of  Spsin  and  Portugsd,  the  Dutch  resolved  themselves  to  go  in  search  of  it 
in  the  lands  of  its  production,  and  thus  they  laid  the  foundations  in  the 
East  Indies  of  the  opulent  colonial  empire,  which  still  to  a  large  extent 
bdongs  to  Holland.  This  trade  with  the  Indies  rapidly  extended.  The 
East  India  Company  was  founded  and,  during  the  twelve  years'  truce,  from 
1600  to  1621,  already  possessed  four  hundred  large  ships  with  crews  to 
the  number  of  five  thousand  men. 

For  the  first  few  yearn  it  paid  an  avercgt;  dividend  of  35  and  iU 
chiefe  estimated  that  twenty  thousand  pfnaons  were  interested  in  it. 
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Pishing  and  the  intercourse  by  sea  with  the  {)orts  of  Europe  aiul  all 
tuatters  relating  thereto,  were  none  the  less  the  principal   84)urceB  of 
'  prosperity. 

In  1601  herring  fishing  occupied  fifteen  hundred  Dutch  and  Zealand  &«mi. 
Del&haven  farniahed  two  hundred  as  its  share.  Twenty  thousand  sailors 

wero  engaged  in  this  fishing  imlustry,  and  forty  thousand  other  persons 
lived  upon  it|  in  the  ship  yards,  where  the  butei  were  bailt,  repaired  and 

fitted  out. 

In  1598,  in  a  single  week,  six  hundred  vessels  brought  their  cargoes  of 
wheat  from  tlie  coants  of  the  Baltic  to  Amsterdam.  In  1601,  in  tiie  space  of 
three  days,  firotn  eight  to  nine  hundred  craft  set  sail  from  this  pott  for 
the  Baltio  to  fetch  caiisoes  of  com.  Stup-building  occupied  a  large  popo- 
lation;  not  lees  than  a  thousand  sea<going  vessels  of  difierent  tonuoge 
were  launched  annually  and  at  least  as  many  for  the  inland  navigation. 

What  a  spectacle  the  Bmall  country  of  Holland  presented  to  Europe  at 
the  beginning  of  the  17"' century.  A  narrow  ntrip  of  land,  with  dithculty 
rescued  from  tlie  ocean  by  itH  dams  and  liydranlic  draining  apparatus, 
makes  war  upon  the  formidable  potentate  who  disposes  of  the  treasures 
of  both  Indiee;  a  seal,  courage  and  activity  of  its  own  fhmish  it  with  the 
means  to  make  war,  and  this  war  itself  becomes  a  sonroe  of  praeperity. 
HoUand  overflows  with  every  kind  of  merchandise,  wliieh  she  nevnthelees 
does  not  produce.  She  hardly  cultivates  any  cereals  and  yet  no  country 
in  Europe  has  its  granaries  more  richly  supplied;  she  sows  no  flax,  and 
yet  she  is  engaged  largely  in  weaving:  she  Ims  no  flocks  or  herd^^  nnd 
still  she  abounds  in  woollens  and  cloths,  she  has  no  vineyards,  but  she  \s 
the  mart  for  wines  trom  Germany  and  France;  no  forests,  and  she  builds 
more  ships  than  the  rest  of  the  Oontlnentk 

This  rapid  evolution  and  prosperity  should  be  reflected  and  is  reflected 
in  effect  in  the  history  of  the  Nelberland  ports. , 

At  the  commencement  of  the  rising  Against  Spain,  Rotterdam  had  only 
a  populntinn  of  26000  souls. 

On  the  9'-'  April  1572  it  was  taken  by  the  Spaniards  under  the  command 
of  BoBsu,  sacked  and  inundated  with  blood,  and  thea  occupied  till  21"^  Juiy 
of  the  same  year. 

Its  harbour  was  at  that  time  only  the  basin  which  is  today 
known  as  „kolk*'. 

Rotterdam  reooveted,  however,  so  rapidly  from  the  disaster  of  1572  and 

became  so  prosperous  that  between  1590  and  1520  it  was  able  to  establish 
the  following  docks:  „Oude  Haven",  „Blaak",  „Wijnhaven*',  „Scheep- 
makerehaven",  „Leuvehaven",  .,Hoerengat"  and  ,,Buizengat". 

Moreover  the  dimensions  of  these  docks  were  not  without  inip<irtance, 
and  in  that  epoc,  it  was  a  remarkable  thing  to  design  aud  establish,  in  so 
short  a  time  and  with  the  means  and  implements  then  at  one's  disposal, 
docks  70  metres  in  width. 
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The  names  of  Ilaeringvliet  (Herring  River)  Buizengat  (lime  channel), 
VVijnhavpn  (Wine  Harlx>ur),  Sclie(']imakershaven.  (ShipbuilHcrB  HarlM)iir), 
still  preserve  the  memory  of  tlie  powerful  elements  of  the  public  j  r  ^pe- 
rity.  On  the  south  aide  of  the  Scheepmakershaven  were  the  Bhipbuilding 
yards. 

Id  the  17*^  centiuy  the  trade  and  navigatioD  of  the  Netberlaxida  reached 
their  apogee.  The  troika  of  the  harhouis  no  longer  called  for  any  impor- 
tant eztentioD.  At  the  oommencement  of  the  I8*t>  century  only  the  8hip> 
building  yards  were  removed  to  aimthi  -  1  x  k,  the  Zalmhaven  (Salmon 
Port),  to  make  room  on  the  Boompjee  Quay  for  the  inhabitante  and  prin* 
cipal  houses  of  business. 

Only  towards  the  middle  of  the  pr^at  century,  when  steam  navigation 
became  eetabliehed,  was  it  necessary  to  think  of  giving  a  greater  develop* 
ment  to  the  works  of  the  port.  From  18S0  to  1860,  the  Boomiges  wt»e 
provided  with  qoays  of  maeoury,  and  the  wharfr  named  Ooeterkade,  WtUeme- 
kade  and  Westerkade  were  buUt  along  the  rivw,  altogether  pxeerating  a 
considerable  extension  of  2170  metres. 

At  the  same  time  the  wharf  of  the  Rhine  railroad  was  built  and  fitted 
with  wooden  bridges  for  a  distance  of  500  metres.  Two  new  docks  with 
quays  of  miwonry  were  also  excavated,  the  Veerhaven  and  the  Westerhaveu. 

The  sandbanks  at  the  mouths  of  the  Meuse,  in  which  there  was  for> 
merly  sufficient  depth  of  water  for  sea-going  vessels  to  reach  Botkerdam, 
involved  the  dredging  of  the  Voome  and  Pntten  canaL  Tliis  wwk  was 
executed  between  1820  and  1827  during  the  reign  of  William  L  Its 
achievement  rendered  Rotterdam  acoeasible,  at  high  water,  to  vessels 
drawing  not  more  than  50  dorimetrps  of  water.  The  dimension  of  the 
locks  however  did  not  adt^iit  of  the  poasage  of  vessels  more  than  70 
metres  in  length  and  14  in  width. 

In  the  second  half  of  our  century  the  trade  of  the  world  reached  its 
highest  development  and  naval  arehitecture  underwent  an  entire  trans- 
formation. It  became  evident  that  for  the  ports  of  Amsterdam  and 
Rotterdam  to  compete  with  those  of  neighbouring  countries,  it  was  abso* 
lately  necessary  to  create  bettw  water-ways  to  those  two  cities. 

A  law  of  1SB3  decided  upon  the  conf^traetion  of  the  canal  from  the 
North  Sea  to  Amsterdam  and  a  new  mouth  to  the  Mouho  by  piercing  the 
dunefl  at  the  Hook  of  Holland,  what  is  n(jw  known  as  the  new  seaway. 
In  1872,  the  fii-st  ships  passed  through,  although  it  was  still  far  from 
complete.  At  the  same  time  the  State  executed  extensive  works  in 
railways,  works  which  connected  in  every  direction  the  ports  and  prin< 
cipal  towns  of  Holland  with  the  i^ystem  of  European  railroads. 

At  Rotterdam  the  State  constructed  the  viaduct  which  passes  through 
the  town,  and  also  the  Viridpc  across  the  Meufc,  which  is  connected  with 
it,  and  ou  the  southern  bank  of  the  stream  the  dock  named  Spoorweghaven 
(iiaiiway  Harbour)  and  the  goods  station  of  Feiueuourd. 
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Tho  city  dredgtHl  tlic  KoiiintiHfiiiven  (King's  Harljonr).  Iniilt  quays  of 
uiuHuarv  rouuii  the  irilHud  called  Nourdereilaud  uh  well  an  tlie  BOuUi  bank 
of  the  KoningnhaYwi,  and  joined  Uie  new  aouthem  quftrtot  to  the  ancient 
portion  of  the  city  by  «  fixed  bridge  aeioaa  the  Meuee  and  a  swing-bridge 
acroea  the  KoningBhaTen. 

To  meet  the  moie  extenave  morement  of  trade  and  navigation,  which 
the  opening  of  the  new  seapway  and  the  peifeoting  of  the  system  of  rail- 
ways seemod  to  antieipatp,  n  company  was  formed  under  the  name  of 
the  Rollerdaiusche  HHndeij^vereeniging  (Rotterdam  C'ommcrcial  Company). 
This  l  onipany  obtained  from  the  town  a  lease  of  the  lands  lying  between 
Spoui'weghaven  and  the  street  named  Rofiestraat.  The  iViiBociatiou  there 
excavated  two  dockB  called  Binnenhaven  and  Entrepdthaven,  fitted  out 
these  dooka  and  the  east  bank  oftheSpoorwei^Ten  with  quays  of  masonry 
erected  sheds  and  ware^houses,  fnEnished  the  site  with  sufficient  engines  for 
working  purposes  and  everything  which  the  service  of  a  modem  port 
requires,  including  good  connection  with  the  railroads. 

The  Association  expended  thirteen  thousand  florins  in  this  work,  which 
was  completed  in  1878.  The  improvement  of  the  river  route  from 
Rotterdam  to  the  sea  unfortunately  did  not  advance  so  rapidly  as  was 
expected.  In  1878  there  was  still  at  the  mouth  only  a  depth  of  forty 
six  decimetres  at  high  water. 

Tliis  contn'tempa,  complicated  by  certain  financial  difficulties^  obliged 
the  Commercial  Aasocia^on  of  Rotterdam  to  go  into  liquidation  in  1879. 
In  1882  the  town  took  over,  for  lour  million  florins,  all  the  works  esta- 
bliahed  by  the  Association  and  since  that  time  carries  them  on  under  the 
name  of  Commercial  Establishments. 

Tho  di'iappointments  met  with  in  the  improvement  of  the  navigable 
route  from  Rotterdam  to  the  psea  led  t<.)  the  adoption  of  a  new  system  of 
work.  One  had  recourse  to  dredging  ou  a  large  scale,  avoiding  as  much 
as  possible  the  wearing  away  of  the  banks  by  the  current,  in  order  to 
prevmit  the  formation  (A  sand-banks  in  the  sea  in  firont  of  the  new  mouth 
of  the  river. 

In  1882  the  enterprise  was  vigorously  taksn  up  and  good  results  soon 

began  to  be  assured. 

The  follow! i^g  table  compares  the  depth  at  various  periods.  Depth  in 
dedmeties  at  high  water : 


1876    ...  . 

.  43 

mi  ...  . 

.... 

«           «           d  ■ 

.     .  10 
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At  the  Hook  of  Uullaiid  the  dillereDce  between  high  and  low  water 
IB  1.62  metre. 

These  leeulta  are  brilliant.  They  have  progreesively  developed  the  oomtnef- 
caal  and  navigation  movemeDti  as  the  foUowing  taUe  will  show : 


,  .,  .  . 
YJSABS. 

Arrivals  by  sea  at  Kotterdam. 

Shipping  movFimpnts  iu  the 
inland  waters  of  the  kiogdum  and 
with  foreign  porta  by  rivar. 

Number  of 

X  VUm  If  ■.mOn  ■ 

Number  of 

Tonnage  in 

vessels. 

vMsels. 

cubic  metres. 

im 

1970 

396898 

— 

— 

1855 

8897 

51S971 

— 

— 

18«0 

8i49 

673889 

— 

— 

1865 

2i50 

653  450 

— 

— 

1S7U 

'2i»s7 

1  189  670 

— 

— 

1875 

3486 

1  «54  571 

1880 

3510 

I  72«  305 

63  542 

4  008188 

1881 

3673 

1  786  386 

65832 

4  26^  189 

1888 

8989 

3031566 

68181 

4600746 

1888 

8686 

1961438 

70187 

4754788 

1884 

8768 

8148617 

70366 

4966648 

1885 

8784 

8180347 

78615 

5U0516 

1886 

3763 

2  202  752 

75  834 

5  274  097 

1887 

415.5 

2  4SS  369 

90  368 

6  132  665 

1888 

4528 

2  721  479 

91 643 

t;  39S  417 

1889 

4643 

2  809  203 

92  872 

(;  7  V  7  025 

1890 

4535 

2  918  425 

89  969 

6  916  442 

1881 

4467 

8006779 

93963 

7486  850 

1898 

4481 

8139490 

95847 

7886349 

1898 

4770 

8614654 

96481 

8368858 

These  figures  show  m  nn  increase  in  the  kif*t  ten  years  of  S()  in  the 
tonnage  of  the  maritime  shipping,  and  of  75'/}  ^lo  in  the  tonnage  of  the 
inhnd  shipping. 

It  will  readily  he  concaved  therefore,  in  spite  of  the  great  extmskm,  in 
1878,  of  tiie  works  of  the  port,  that  Ireeh  enlaigements  had  to  he  made. 

However,  before  commencing  the  description  of  them,  it  is  deeirable  to 
give  some  detailed  account  of  the  special  nature  of  the  activity  of  our  port. 

In  past  centimes  the  ports  of  Holland  were  especially  used  a.s  the 
landing-place  of  every  kind  of  merchandise,  which  arrived  from  every  jjart 
of  the  world  and  remained  in  thera  exposed  for  sale  for  a  more  or  less 
lengthy  period. 

This  merchandise  was  brought  principally  in  Dutch  vessels,  whose 
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cupt&iDs  often  carried  on  the  boriiiefls  either  on  their  own  aoooant  or  that 
of  their  employers.  After  a  voyage  from  the  Indies,  the  veawl  Uty  up 
and  discharged  her  caiifo  very  mach  at  her  ease,  and  veiy  often  H  was 
only  afiw  several  months  that  she  once  more  put  out  to  sea.  The  natate 
of  the  cargo  and  its  place  of  destination  were  genr rally  kept  as  secret  as 
possible,  especially  if  it  was  a  question  of  doing  busineas  by  means  of 
exchange  with  the  iiihaMtants  of  distant  countrit'fi. 

Navigation  in  distant  waters  was  frequently  very  proiiiable.  Sometimes 
it  Jtappentd  that  two  or  three  voyages  were  sufficient  to  pay  for  the  buil- 
ding of  the  ship.  It  was  still  so  in  the  first  half  of  the  present  oentnry. 
In  1811,  at  the  time  when  Hsnbx  Dokpf  perii«rmed  the  functions  of 
leader  in  commercial  matters  and  governor  at'  D6cima,  the  result  of  a 
voyage  to  Japan  was  valued  at  one  hundred  and  twenty  thousand  florins. 
I  In  vcs.wi  1b  which  Bailed  the  Baltic  wintered  as  often  as  not  in  their  own 

harbours. 

A  <:ompl*  te  chanpe  ha.'^  taken  place  in  this  respect.  The  impetus  given 
by  steam  navigation,  the  ever  increasing  number  of  the  lines  of  regular 
service  between  tihe  ports  of  the  world,  the  extension  of  these  lines  by  the 
navigatidh  of  the  rivers  and  canals,  the  means  of  commonioation  with  the 
railroad  systems,  have  drawn  producer  and  consumer  nearer  together. 
The  great  brewers  of  Germany  buy  their  staves  directly  in  the  far  West 
of  America,  tlx'  corn  merchant.s  of  this  coxintry  treat  directly  with  the 
exjwrters  of  the  Black  sea  and  the  lialtic.  For  certain  articles  there  are 
also  special  markets;  for  wt^ols  Liverpool,  for  leathers  Antwerp,  for  mar- 
garine aud  fat  Rotterdam ;  but  the  large  general  ports  of  former  times 
exist  no  longer.  There  is  direct  trafic  between  the  most  distant  extremi- 
ties of  the  universe.  Sespports  are  no  more  than  the  junctions,  from  which 
the  different  directions  €i  the  movement  diverge. 

The  localities  from  which  the  greatest  number  of  these  rays  start, 
acquired  in  many  ports  the  greatest  importance.  In  this  network  there  are 
three  factors:  the  lines  of  soa-going  Rhips,  the  railways  and  the  inland 
navigation  lines.  Of  the  whole  the  latter  assuredly  have  not  the  least 
iLUportauee. 

After  the  completton,  at  lesst  by  main  lines,  of  the  European  system 
of  railways,  for  the  transport  of  goods,  considerable  attention  has  been 
given  to  the  means  of  inland  navigation.  The  courses  of  rivers  have 
been  improved,  small  rivers  have  been  canalised  and  new  canals  have 

been  dug  —  all  this  has  been  done  on  a  large  scale. 

(Ifrmany  in  particular  ha?  done  much  in  this  direction.  River  boats 
twenty  four  raetrea  hy  ten  go  up  the  Rhine  as  far  as  Mannheim  and 
Frankfort.  The  increase  in  the  navigation  of  the  Rhine,  this  artery  of 
Bnrope,  has  especially  been  a  bmefit  fx  tiie  ptvt  of  Rotterdam.  From 
1880  to  1893  we  see  the  tonnsge  of  the  inland  shipping  rise  from 
4006188  to  8363368  cubic  metres,  and  the  number  of  river  craft,  ircHn 
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f>%'y42  to  96421  per  annum.  The  \oc;\]  Hhipping  mnv»  iiiont  from  the  Nether- 
lands by  inland  waters  hm  alsi)  undergone  a  large  development  There 
IB  not  ft  village  of  any  importance,  which  doea  not  every  week  Bend  its 
boat  for  the  Monday  and  Tuesday  maikete  of  Rotterdam^  there  landing  ite 
merchandise,  whether  for  consumption  on  the  spot  or  for  le^zportation. 
On  those  days  from  fifteen  to  sixteen  hundred  of  these  boaU  ordinarily 
stop  at  our  port.  The  plan  joined  to  the  present  pamphh  t  hIiows  the 
names  of  the  different  localities  to  whose  boats  a  fixed  position  is  anaigned 
on  those  days  in  the  docks  ol'  Uolterdara.  A  glance  tr  sufficient  to 
show  how  the  inland  shipping  has  absolutely  supplanted  the  sea  shipping 
in  the  old  doolv  and  how  these  tetter  onft  no  longw  find  room  except 
along  the  Menss  and  in  the  docks  of  the  left  hank. 

Tlie  development  of  the  inland  navigation  has  bad  to  be  taken  into 
H'-count  in  the  plans  for  the  enlargement  of  the  works  of  the  port. 

The  sea-going  vessels  which  have  to  trans-ship  their  cargo  into  the 
boats  of  the  Rhine  are  not,  as  far  as  is  possible,  moored  alongside  the  quays, 
but  in  perfectly  free  poeitions^  so  that  they  can  unload  simultaneoualy  on 
both  Hides. 

Fot  this  purpose  moorings  have  been  laid  down  in  the  Meuse,  in  front  of 
the  town,  Uie  number  of  which  has  been  increased  in  proportion  to  the 
xequiiements,  so  that  at  present  twenty  vessels  can  find  anchorage.  But 
even  this  number  did  not  always  soifice,  and  other  sites  have  of  necessity 
had  to  be  provided.  There  was  no  more  room  in  the  bed  of  the  river, 
and,  besides,  the  necessity  was  felt  of  being  ah!e  to  provide  in  winter  a 
perfectly  safe  harbour  of  refuge  for  the  numerous  Heet  of  boats  from  the 
Rhine.  These  considerations  led  by  force  of  circumstances  to  the  formation 
of  a  system  of  docks  with  a  draught  of  water  relatively  great  to  the  exten- 
sion of  the  quays,  in  the  midst  of  which  vessels  could  make  isst  to 
dncdalves  in  oider  freely  to  discharge  their  cargoes  on  both  ndes.  These  data 
have  detertidned  the  special  form  of  the  actual  Rijnhaven  and  of  the 
Katendreciit  docks.  The  greatest  width  of  the  first  reaches  and  even  sur- 
pasf5e3  four  liundrcd  metres. 

The  works  carried  out  hy  the  former  commercial  association  had  to  be 
made  to  fit  in,  by  means  of  quay  dues,  with  the  hire  of  apparatus  for 
loading  and  unloading  and  sites  for  the  deposit  of  goods  either  in 
want-houses  or  in  the  open  air.  The  harbour  dues  properly  so  called  have 
been  reserved  by  the  town  by  the  clauses  of  the  lease,  and  it  is  for  this 
reason  that  it  has  given  to  the  Binnenhaven  only  the  width  judged  to  be 
abeolutely  indispensable.  This  dock  should  not  be  used  for  the  tnms- 
phipment  of  sea  cargoes  to  the  boats  of  the  Rhine.  Tii  order  to  prevent 
robbery,  while  reducing  as  far  .-u*  possible  the  ex]>f'np»^s  of  guarding  against 
it,  all  the  ground  was  surrounded  with  a  wall,  i  iiis  arrangement  led  to 
the  commission  of  a  great  error.  The  bridges  at  the  mouth  of  the 
docke  were  placed  too  near  to  the  Koningshaven,  in  whin^,  when  the  tide 
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18  oli  the  ebb  or  (low,  u  Htnuig  curreuL  is  pnxluced.  'I'he  conmj[iience  is 
that  at  certain  hours  vessels  of  large  dimenBioiui  only  enter  the  docks 
with  great  diffiealty.  It  haB  been  sought  to  obviate  this  inoonvenienoe  in 
some  degree  by  means  of  poweiM  docdalves  ete.  The  a  6  c  of  the 
modem  art  of  building  seaports  is  nothing  lees  than  avoiding  bridges 
and  lockR  as  much  as  possiUe. 

In  1885  the  works  of  the  construction  of  the  R^nhaven  and  the  Katen- 
dreclit  dock  were  commenced.  At  the  prcspiit  time  from  *?even  to  seven 
and  a  half  metres  of  water  are  found  low  water  and  Uie  building  of 
quays  of  masonry  on  the  north  and  easit  sides  is  in  process  of  «.'onipletion. 
To  the  West  of  the  Katendrecht  dock,  it  is  desired  to  dig  two  others  of 
the  same  type,  whieh  are  indicated  in  the  plan  by  dots. 

Still  fiirther  to  the  West^  the  dock  named  Dokhavm  was  established  in 
ISSif  where  are  the  three  iron  floating  dodcs  belonging  to  the  town.  With 
regard  to  the  working  of  these  we  shall  have  to  return. 

Next  along  the  left  hank  of  the  Meuse  we  a>me  to  the  ground  set  apart 
for  the  storage  of  petroleum.  During  the  last  ten  years  this  land  lias  been 
conHi  lrmMv  extended.  In  1S84,  248  515  bfirrol??  of  petroUnnn  wero  loaded 
at  lif'tti  rdain.  In  1H93,  the  qnnnity  loaded  was  1  146  <  MM).  Four  commercial 
companies  now  import  petroleum  to  Rotterdam ;  the  German-American 
Petroleum  company  and  the  American  Company,  which  only  import 
refined  American  petroleum,  the  Pakhnismeesteren  (Storehouse  Masters), 
who  deal  in  American  and  Russian  petrolmm,  in  redn  and  turpentine, 
and  the  firm  of  Rieth  and  Company,  which  rnily  deals  in  Russian  petroleum. 

The  establishment  oooui)ie8  twelve  hundred  metns  of  the  bank  of  the 
Meuse.  The  unloading  is  effectecl  on  wooden  landing-places  in  three 
docks  —  the  Sint-.Tanghaven,  the  i>etrnlenm  harbour  and  the  Kortenoord 
canal,  where  the  empty  i>oals  ol"  the  inland  naviJ^ation  canals  Hnd  refu^re 
when  the  Meuse  is  covered  witli  Uoaliug  ice.  The  land  round  the  docks 
has  been  since  1873  entirely  devoted  to  commercial  and  shipping  pur- 
poses. Howevor,  in  order  to  admit  of  the  establishment  of  industry  in 
th«  places  bordoring  the  water  and  connected  with  the  railroads,  the 
town  has  for  this  purpose  ass^ned  the  quarter  on  the  left  bank  of  the 
Meuse,  to  the  east  of  the  railroad.  We  have  here  the  dock  named  Nassau* 
haven,  dug  in  1892  and  1893,  on  the  margin  of  which  persons  wishing 
to  eRtftblish  factorips  ran  purchase  sites  immediately  alon^ido  the  water. 
The  land  set  apart  for  workmen's  cottages  is  also  put  at  their  disposal 
at  a  uKxienite  price. 

We  have  thus  given  tiome  idea  of  the  iuiportance  of  the  works  of  our 
port.  Thought  has  also  been  given  to  the  establishment  of  other  docks 
for  sea-going  and  river  vessels  on  the  right  bank  of  the  Meuse  west  of 
the  Park  Quay. 

Negotiations  have  been  opened  with  the  railway  companies  to  bring 
about  a  ooimeotion  with  their  lines. 
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A  charge,  taken  on  the  grom  tonnage,  ib  made  on  all  the  sea-going 
▼eflseli  which  malce  lue  of  the  dot^,  mooringB  or  other  works  etabliahed 
by  the  towa  fw  the  benefit  of  the  shipping. 

The  following  is  the  taaff: 

1.  Steamers. 


a.  MesBUriOK  fi^'t  oittju-  mctn-s  nr  li'is,  ]H^r  i-iitiU'  ntetro  ♦      S.  9M 

b.  m        luoro  Uuw  «S0  Mid  leas  tlmn  loOO  cnblc  m«tret  .      «  MM 
&       *       mors  Una  UNW  eable  motna.  «  <UMn 

II.  Sailing  Vewels. 

<i.  Mea«iurlne  UOO  cubic  tii<  tr.^  <ir  iM,  per  obMs  uotrt  .      .      .      fl.  0.0S 

b.         .         irutu  aoi  to    TOO   .      .      >  QM 

6        «  vNltoaW  «M 

i.       .         .     Ml  to  m  OM 

t.      .       .mtoKKio  flun 

/.         •  •     1001  to  1100   .      «  0.10 

f.        •  •    1101  to  1900  Oill 

*.      •       •  mi  to  noo  "AM 

t        n  ■     i:rio  t.>  iinn  •  OU 

k.  m  '      1400  to  IfiOU  * 

I.        .  .  inote   

The  toUowing  is  the  taritl  for  river  craft  and  raftB  of  floating  wood: 

||)  steaiu  boats  per  niibiv  in.  per  jonriK-y  fl.  AM 

Or  b}'  yearly  subscrlptiou,  p«r  cublo  luvtrv      .      .      .      .       •  0.00 

C9|  BMMof  lmthuilDfla1kiii.snta(>t«nplof1iigalafliiii«MdiMitnaoe*  010 
Or  by  ywrty  ubiarl|itk»   •  LOO 

Ol  totltBg  iMMU  of  10  eab.  m.  and  orrr  p?r  cab.  m.  por  oitnuiiie  •  OM 

Or  Ijy  y.'jirly  ■.ubn'rlii'iDii         .-ul;.  iin>tr"   .      •      >      ■      •       ♦  0.4O 


(I)  Boftsi  of  timber,  per  lM>«in,  p«l«  or  mast  .....      •  OJO 

The  vessels,  for  which  it  is  desired  to  retain  a  fixed  position  along 

the  quays,  ns  Is  the  cn?e  for  tlie  sliips  of  refjuiar  lines  and  for  boats  which 
come  for  the  marketd,  pay  in  addition  the  following  toll,  under  the  name 
of  quay  dues : 


It.  sci'^Mtng  vesiielH,  por  uiutrc  lu  Icngtb,  pAT  ycur     .      .      ,      .      0.  2S 

b.  other  VfMtwl*  «■ 

e.  Inltiid  boM,  wbioii  obtain  pennlaaloa  to  moor,  baad  to  ^vay, 

pw  uatM  In  wMtb,  par  yaar  •  ft 


We  will  now  pass  on  to  the  plant,  properly  so  called,  of  the  docks, 
under  which  headhig  I  think  I  shall  be  able  to  include  the  housing  of 
goods,  the  macbineiy  for  loading  and  unloading,  the  forms  of  the  dry 

docks  and  the  connection  with  the  railroads. 

The  housing  of  goods  mtist  be  regarded  from  two  distinct  points  of 
view,  according  it  ie  for  a  long  or  short  space  of  time.  The  Litter,  in 
my  opinion,  understands  the  deposit  of  the  goods  in  sheds  or  stores,  or 
in  the  open  ground  bordering  the  dodn.  The  nature  of  the  trade  of 
AmBterdam  does  not  rsqniro  the  prefl«noe  of  sheda  on  the  entire  length 
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of  ihc  s.  Various  t^oodf*,  minerals,  coal,  lirnher  etc.  do  not  require 
covered  wiin^-liouses  for  their  toinpnrarv  st»)rago.  The  ships  which  directly 
unload  plant  for  railroads,  such  as  are  frequently  Been  U)  load  with  goods 
upon  1ih«  spot,  also  have  no  need  of  these.  The  building  of  ware-houses 
should  therefore  be  zesenrsd  for  the  docks,  where  the  need  of  them  is 
felt.  Along  the  Binnenbaven  no  sheds  ate  at  present  to  be  seen,  exeept 
those  of  the  Rio  Tinto  company,  which  are  used  for  epedmeos  of  copper 
ore  imported  by  this  company,  and  those  which  are  free  storehouses. 

The  use  of  the  open  quays  of  the  commercial  Establishment  for  the 
deposit  of  goods  is  paid  in  the  following  manner;  por  ppacc  of  twenty 
five  square  metres  or  le^,  for  the  first  three  days,  or  h-ss  than  three  days, 
fl.  0.30,  for  eacii  day  or  fraction  of  a  day  over  11.  0.1<>. 

The  dues  are  not  incurred  by  the  goods  loaded  from  a  vessel  or  brought 
thither  to  load  a  vesetel,  if  they  are  removed  vdthin  two  days. 

With  regard  to  the  sheds,  it  will  at  once  be  remaxked,  that  there 
are  none  along  the  quays  on  the  right  bank,  at  the  Heuae  railway 
station.  The  history  of  the  creation  of  OUT  p<Hrt  makes  the  reason  of  this 
sufficiently  plain.  We  will  not  occupy  ourselves  with  these  sheds,  nor 
with  those  of  the  Feijenoord  station  at  the  S{x)tir\vofihaven,  because  they 
most  partioularly  concern  the  railway  «prvice.  Here  there  is  what  must  be 
observed  respecting  those  upon  the  docks  of  the  left  bank. 

We  have  started  uu  the  principle  that  shipping  and  commerce  flourish 
best  where,  so  for  as  is  poadble,  entire  libnty  of  aotiwi  is  left  to  tiwm. 
No  sjrstematic  regulations  have  oonsequontly  been  imposed  and  thoee 
interested  in  the  subject  can  take  their  choice  throuc^ont  the  whole 
extent  of  our  oommerdal  territory. 

If  the  vessels  do  not  wish  to  unload  on  the  open  quays,  they  can  make 
use  of  the  sheds  numbered  from  1  to  6  and  of  the  northern  half  of  shed  n".  7, 
built  by  the  town  on  the  Spoorweghaven. 

They  pay  acwrding  to  tbp  space  occupip<l.  The  following  is  the  tarill": 
per  hundred  square  metres  or  less  for  the  firBt  three  days  or  less,  ti.  3, 
and  afterwards  for  each  day  or  fraction  of  a  day  over,  fl.  1. 

The  measurement  is  effected  at  right  angles  for  the  entire  space  where 
the  goods  are  deposited,  without  deducting  the  spaces  left  open,  and  the 
wtiie  width  of  the  area  occufned  by  the  sheds  always  being  regarded  as 
let  Regular  lines  of  ships  c^n  rent  for  long  periods  the  sheds  erected  by 
the  town,  so  as  to  store  their  cargoes  as  they  arrive. 

Th\is  the  southern  half  of  shed  no.  7  is  let  to  M(!ssrs.  Ruys  &  Co.  for 
the  steam  lines  to  New  York  and  Philadelphia  at  a  rent  per  annum  of 
fl.  6501). 

Sheds  14  and  15  are  let  to  Messrs.  Wm.  H.  Mulleb  &  Co.,  for  lines  to 
HuU,  Aberdeen  and  Cardiff,  with  land  opening  on  the  Koningshaven,  at 
a  rent     fl.  5000* 

Shed  26,  with  kind  opening  on  the  Koningshaven,  is  let  to  the  house  of 
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Th.  van  Ommrken,  for  a  Loudon  line  of  ateamurs,  at  a  rent  of  fl.  4aOO. 

Railway  companies  have  themselves  hired  from  the  town  certain  atore- 
hoQses  for  the  x«oepUon  <^  goods:  The  company  for  the  working  of  State 
lUilways,  Hbed  no.  8,  at  fl.  5967  per  annam;  the  Dateh  Raiiway  Company 
no.  22,  at  fl.  16600.  The  town  undertakes  to  keep  these  sheds  in  condition. 

The  oommercial  compnnif  i.  which  desire  to  make  their  own  arrangements, 
can  rent  o{j«q  sites,  for  a  longer  or  shorter  period,  and  there  build  as 
they  prefer. 

Tlius,  1)11  the  Rinnenhaven.  the  Rio  Tinto  Company  haa  hired  a  site, 
for  tlio  sum  uf  11.  o400,  lur  the  landing  of  the  copper  ores  which  it  imports. 

The  Netherland  American  St«un  Navigation  Oompany  (New  York  line), 
the  Rotterdam  Ltoyd  (Java  line)v  the  house  of  vam  Es  and  van  Oionuif 
(Hanchestw  A  Liverpool  line),  the  Blauwhoedenveem  (Gape  ofQoodHope 
line),  the  African  Commercial  Company  (Congo  line)  have  also  rcnt<'d 
open  sites  on  the  Wilhelminakade  and  the  Bynhaven,  36  metres  wide, 
at  fl.  0.75  the  square  metre. 

All  th&jf  tenants  have  also  to  pay  the  regulation  quay  dues,  25  florins 
the  metre  in  length,  tor  the  extent  of  quay  which  their  permanent 
mofvings  occupy. 

For  the  landing  of  goods  that  imnsin  a  long  time,  the  following  esta- 
blishments are  provided  for  trading  purposes: 

1)  Free  tandtng-plaicet.  There  are  two,  one  named  the  East  India  House 
(Oost-Indisch  Huis),  on  the  Boompjes,  where  formerly  the  East  India 
Company  had  itn  hoailquarters  and  stores ;  tlie  other  in  tlie  vast  ware- 
houses and  shedt*  N-^^.  12  and  13  on  the  (hx^k  called  Entrepot-haven.  They 
are  managed  by  the  town,  but  they  are  nevertheicAS  under  tlie  continual 
supervision  of  the  custom  officials. 

As  many  goods  subject  to  enteanoe  dues  are  here  received  as  those  free 
of  duty. 

The  rent  is  paid  monthly  according  to  a  Qxed  tariff. 
With  r^said  to  the  gpods  which  are  deposited  here,  it  is  understood 
that  their  owners  are  at  lihertv  to  sell  or  pledge  them. 

2)  Private  free  laruivKj-pUiccs.  These  are  es|>e€ially  intended  for  goods 
paying  heavy  duties,  such  as  wines  and  spiritci.  They  belong  to  private 
parties,  but  are  under  the  supervision  of  the  customs,  so  that  nothing 
can  come  in  or  out  without  the  conssnt  of  the  latter. 

8)  IrrguXar  iondm^^jaoM.  These  establisfaments  recdve  goods  which 
pay  only  small  duties,  e.g.  petroleum  and  cotton  oil,  which  only  pay  a 
duty  ni  fl  0.65  per  hundred  kilograramee,  tobacco  and  mineral  waters. 
Thev  are  iiiimaf;i  il  t)y  companies  or  hy  private  individimls  and  are  not 
required  to  submit  to  the  inces.sant  supervisions  of  the  customs  officials. 
The  latter  confine  themtielve^  U>  a.scertaining  the  stock  in  hand,  when 
they  think  tit,  so  as  to  control  the  declarations  on  dutiable  goods, 

4)  PriMtio  landmig-^aeu.  These  are  nearly  all  h^rge  ware>houses,  built 
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und  manapefl  by  corporntions  known  by  the  name  of  „veem",  whirli 
iin(l(!rtake  the  warehousiiifj'  nf  every  class  of  goods,  except  those  sun  ep- 
tible  to  high  duties,  which  must  be  laniit3<l  iii  free  landinpr-))laci'^  Some 
of  the$>e  warehouse8  are  ordinarily  intended  to  serve  an  irregular  iuinling- 
placea. 

Certificates,  achedulee,  which  can  be  sold  or  pledged,  are  giTen  for  the 
goods  located. 

The  following  are  the  names  of  the  companies  at  Rotterdam  for  this 

purpose. 

Pakhuisroeesteren  (StorehouBc  Masters),  Blauwhoedenveem  (.,Blae  Cap*' 

veem),  Vriesfcvofin  (Shiver  Vcem ),  Maasve<>m  fMeuse  Veem). 

5)  The  iiitiiierons  uHtrehomea  situated  along  the  docks  of  the  old  town, 
the  property  of  several  merchants,  which  may  be  hired  by  flats  or 
whole  warehouses. 

For  the  aooommodatiim  of  goods  therefore  for  a  long  period,  plenty  of 
liberty  and  competition  will  be  fotind  at  Rottordam. 
It  is  therefore  necessary,  when  new  docks  are  built,  that  suitable  land 

and  boats  may  be  at  the  disposal  of  ereiy  person  or  every  associatiDn 

desirous  of  undertaking  any  enterprise  of  this  nature. 

Besides  the  landinp-placeH  enumerated  above,  there  are  also,  the  fol- 
lowing on  the  left  bank  of  the  Meui^e,  under  Uie  management  of  the  town: 

(1)  Sheds  A,  B,  C;  it  I)  on  the  Nassankade,  l)uilt  by  the  luwn  and  let 
t«)  the  Vriesaeveem  and  Pakhuismeetsteren,  who  work  them  as  their  own 
landing-places. 

(2)  Sheds  17,  19,  21  and  24  on  the  Binnenhaven  and  shed  16  on  the 
SpoorweghavMi,  also  built  by  the  town  and  let  like  private  warehouses. 

(8)  An  open  site,  given  us  by  lease  by  the  town,  on  whidi  a  private 

person  has  built  shed  24  on  the  Knnenhaven,  to  be  used  as  a  warehouHt- 

(4)  The  land  included  between  the  Wilhelminakade  and  the  north  sido 
of  the  Rijnhaven,  sold  to  the  VrieB^eveem.  the  Blauwhoedenveem  and 
PakhuiKmeesttren,  which  have  here  valuable  and  well  managed  private 
landing-places. 

(5)  The  land  on  the  east  side  of  the  Rgnhaven,  nearer  the  dock  and 
sold  at  a  higher  price  to  the  Vrieaseveem,  which  has  also  put  up  a  private 
landing  place  here. 

(6)  A  site  on  the  south  side  of  the  Rgnhaven,  sold  to  the  American 

Cotton  Oil  Company,  which  has  an  irregular  landing-place  and  has  made 

it  their  principal  d6p6t  for  the  Continent. 

(7)  The  land  neighbouring  the  Katendrecht  IIarb.nir,  let  to  some 
timber  merchants,  who  have  here  established  shedrf  to  serve  as  a  rie|><*it. 

(8)  A  large  extent  of  land,  let  on  long  leases  (of  from  2")  to  3')  year^^ ), 
to  petroleum  companies,  for  their  irregular  landing-places  and  tiie  various 
buildings  dependent  on  them. 

The  Bsle  of  land  has  brau^t  in  from  15  to  25  florins  \m  square  metre 
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and  the  rent  from  30  cente  to  1  florin  per  pquare  metre  por  annum,  on 
account  of  the  more  or  less  considerable  atlvautages  of  the  situation. 

The  results  of  thcsf  sales  and  rt  nts  is  a  factor  not  without  importance 
so  far  as  it  aflect^'  the  builtimg  uxpenaes  of  the  port.  The  land  has  even 
iicquired  a  greater  value  in  concequeooe  of  thte  building.  It  is  therefore 
very  right,  that  the  town,  vrhtch  established  it^  should  derive  profit  from 
the  venture. 

A  8ocond  important  point  in  the  niJinjio;('inent  and  working  of  a  port 
is  the  plant  intend*  d  for  the  loading  and  unloading  of  goods. 
The  cranes  are  the  mont  important. 

On  the  right  bank,  at  the  Meuae  station,  there  aie  two  moveable  steam 
cranes  of  which  the  lifting  power  is  a  ton  and  a  half,  five  of  two  tons, 
and  a  hand  crane  of  twenty  tons. 

This  apparatus  is  under  the  direction  of  the  railway  and  we  have  no 
detaUs  respecting  the  results  of  their  working. 

Fy^r  public  UBe  the  town  has  on  the  right  bank  only  two  fixed  cranes, 
one  a  hand  crane  of  10,  the  other  a  steam  ernne  of  2o  tons. 

The  tir?l  iH  very  old,  Init  still  a  gootl  machine  and  is  placed  in  the 
R]K>t  named  ..de  Pont",  tliat  in  to  say  at  the  point  joining  the  Wijnhaven 
and  the  Scheepmakershaven. 

The  second  was  put  up  in  1800,  on  the  Willemskade,  and  cost 
29000  florins. 

On  the  right  bank  sea^going  vesads  and  inland  navigation  craft  uulcad 

by  means  of  their  own  engines,  unless  they  have  to  handle  very  heavy 
weights,  in  which  esse  they  haul  themselves  within  reach  of  one  of  the 

cranes. 

The  degree  to  which  the  latter  are  made  use  of  varies  greatly,  as  will 
be  seen  from  the  following  table  showing  the  working  results: 


YEARS. 

Boceipts. 

Working  fixpenaes. 

Kett  Fnfit. 

Florin*. 

Florins. 

1883 

3moo5 

1048.70 

3187.306 

1884 

2S70.905 

477.80 

179a705 

1865 

3343.915 

664.46 

1778.865 

1888 

1641.895 

947.385 

008.945 

1887 

1826.675 

577.78 

1249.895 

1S88 

1861.65 

652.90 

I2a«i.7r) 

1889 

2685.71 

670.50 

2015.21 

1890 

2650.51 

78;<.;,8 

1866.9^ 

im 

2298.49 

170U.UG 

18l»2  I         1241.495        ,  744.01  '  497.45 


Id 

These  figuress  show  that  the  working  of  the  cranes  is  iiiflifferently  remu- 
nerative, but  under  ordinurv  conditions  it  is  neces.narily  hd  in  all  places. 
It  is  only  a  nocestiary  adjunct  to  the  works  of  the  port.  The  price  of  the 
hire  is  estimated  wKMmling  to  the  weight  of  goods  raised.  It  is  the  same 
M  Ibr  the  cranes  on  the  left  b«nk  of  the  Menae,  oonoerning  which  we  will 
also  give  some  details: 

Since  the  erection  of  works  by  the  ccnnmercial  Association  of  Botletdain, 
it  was  first  decided  to  employ  steam  cranes.  Twenty  thtee  steam  cranes 
were  put  up  on  the  Spoorweghaven,  viz.:  a  fixed  crane  capable  of  lifting 
30,0(X)  kilogramn^cs,  21  moveable  cranes  of  1500  kilogrammes  power  and 
one  of  25(K)  kilogrammes. 

The  moveable  cranes  are  of  Brown's  system  and  can  be  moved  along 
the  quay  ou  a  special  rail. 

The  ssreferenoe  given  in  England  to  hydraulic  lifting  engines  and  the 
nse  made  of  them  in  varioua  similar  establiahmmtB  on  the  continent, 
induced  the  Dfreelibfs  in  1877,  that  is  to  say  when  the  works  were  almost 
complete,  to  adopt  this  system  for  the  plant  on  the  east  side  of  the 
Binnenhaven  and  on  the  sites  for  landing-places. 

It  was  established  according  to  the  plans  of  Sir  Wji^UAM  Armbtbqno, 
who  also  made  the  contract. 

The  steam  engine  which  puts*  water  under  a  pressure  of  fifty  atmos- 
pheres is  of  forty  horse  power.  Originally  it  moved  a  fixed  crane  of  30,000 
kilogrammes  lifting  power,  two  of  1500  kilogrammes  and  a  oapetan  of 
1000  kilogrammes  drawing  power,  all  of  these  being  on  the  Binnenhaven; 
afterwards  its  power  was  distributed  over  the  sites  for  landing  places  to 
two  moveable  cranes  of  1500  kilogrammes,  four  windlasses  and  two  cap- 
stans. In  1886  two  other  moveable  cranes  of  1500  kilogrammes  were 
added  nnd  were  placed  on  the  sites  for  landinp-places,  and  a  Coal*tip  of 
20,000  kilogrammes  lifting  power  on  the  Binnenhaven. 

In  fact  for  a  long  time  much  attention  was  given  to  the  me.'itiH  to  he 
employed  to  deveIo|>e  the  exportation  of  German  coal  through  our  port. 
Pteple  were  convinoed  of  the  impossibility  of  succeeding  otherwise  tlian 
by  employing  an  engine  which  could  take  the  coal  out  of  the  laOway 
waggons  and  place  it  directly  on  boaid  ship.  Hie  ordinary  crane  does 
not  work  fost  enough  for  this. 

The  town  decided  to  run  the  risk  of  the  attempt  and  had  an  hydraulic 
coal-tip  erected  by  Messrs.  AKMSTROiia  aUbex  a  plan  fiimished  by  the 
town  itself. 

The  principle  ot  iliis  apparatus  Ir  the  following:  the  waprgon  loaded  with 
coal  is  raised  ou  a  moveable  plattorm  to  a  maximum  licight  of  9.15 
metres  and  is  then  tipped  sufficiently  for  the  coal  to  foil  of  itseli  down  on  an 
indined  pkne  rig^t  into  the  ship's  bunkos.  When  the  circumstanoss  are 
fovonUe  the  apparatus  can  thus  dischaige,  in  an  hour,  twenty  waggras 
containing  10,000  kilogrammes  each. 
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It  is  mie  however  that  tHe  work  can  be  carried  on  ai  this  speed.  The 
necessary  manipulation  of  the  oaal  in  the  hold  aliraye  causes  delay  and 
determines  the  rate. 

For  the  first  few  years  the  use  made  of  the  coai-tip  did  not  correspond 
to  the  expectations  formed  of  it^ 

The  following  a»  the  quantities  of  ooal  or  ooke,  that  have  passed 
thioiigh  the  appamtw: 


71uuton«.  j 
4110  • 
41»  • 


1MNM3 


In  1892  the  apparatus  worked  255  days  and  98  nights.  In  1808.  267 
days  and  142  nights. 

Only  in  1882  did  the  apparatus  yield  adequate  returns. 

Furthermore,  the  results  are  at  present  as  follows:  the  German  railway 
corn  pan iea  continually  increase  the  size  of  the  waggons  used  for  the 
carriage  of  coal  or  coke  The  result  in  the  need  of  increasing  the  lifting 
power  of  the  coal-tip  and  to  carry  it  as  far  as  25000  kilogrammes.  It  has 
been  decided  to  do  so.  By  overloading  the  aocumulator  the  pressure, 
under  which  the  water  works,  has  been  carried  as  &r  as  from  50  to  €0 
atmospheres,  and  the  strength  of  the  apparatus  has  been  prc^rtionately 
increased. 

At  the  same  time  a  new  steam  en|^ne  of  a  hundred  horsepower  has 
been  put  up  in  the  pumphouse. 

Further,  a  HtHx>ad  cual-tip  is  now  being  countructed  to  meet  the  increa 
sing  requirements  of  the  exportation  of  coal  from  our  port. 

This  one  will  be  able  to  raise  a  waggon  weighing  25000  kitogrammes 
to  a  maximum  height  of  10  metres. 

The  hire  of  the  moveable  stoam  or  hydraulic  cranes  is  as  follows : 


Pit  .iiiy  . 


10  florina. 


The  finst  half  day  finishes  at  noon,  the  second  commences  at  one  in 
the  afternoon. 

If  the  crane  has  to  work  fipom  noon  to  one  o'clock,  there  is  an  addi- 
tionsl  diazge  <^  2  florins. 
Ni^t  work  is  payed  at  the  mte  of  a  florin  and  a  half  the  hour  with 

a  minimum  of  six  florins,  unless  the  night  work  is  the  continuation  of 
day  work,  in  which  ca.su  the  minimvuii  is  reduced  to  three  florins. 
The  following  is  the  tariil'  for  fixed  cranes: 

ArtlfilM  welgtainit  Loadlnc  or  Tnuis- 

isol  io  SHOO  kilos,  per  WOO  lUlo* 
smn  '  luuxi    *     «     «  « 
loooi  .  isooo   «     ■     .  • 

IBOOl 


■JMiOl 

1>K  JuHuH. 


fl.  a76 
>  aw 


fl.  LIS 

.  I.7S 
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When  thr  lond<'  h.ive  to  remain  some  time  on  the  cranes,  there  is  an 
additional  payment,  viz.: 


W«l(bu  or  0000  Mloi,  per  taoar    ....  a  9 

From  8000  to  loom  •  a 

•  10001   •  16000  •>«....  •  18 

•  IHOl  .  Mm  •      •   «  90 

«  MOn  «  90000  ■     •    «     .    .    .    .  >  to 

»  99001  •  aOOOO  •  10 


Fractions  of  an  hour  are  counted  as  whcde  homn. 

For  the  fixing  in  position  :uul  removal  of  masts  and  bowspritB,  without 
shrouds,  per  centimetre  in  diameter  in  the  thickest  part   .   .  .  il.  0.15 

with  shrouds    .   .   .    „  0.225 

For  the  fixing  in  position  or  removal  of  masts  with  stays  only,  on 
inland  waterboata  on  the  same  basis  as  the  above,  that  is  to  say  per 
centimetre  in  diameter  ,  .  .  fl.  0.10 

The  minimum  price  for  the  hire  of  fixed  cranes  is  floriuB. 

When  a  crane  is  used  for  the  loading  or  unloading  of  whole  cargoes, 
the  hire  is  at  tlu  rate  of  thirty  florins  the  day. 

If  the  crane  ban  to  work  from  noon  to  one  in  tho  afternoon,  an  addi- 
tional payment  of  tliree  tiorin?  is  made  independent  of  and  in  addition 
to  the  pricp  indicated  in  the  tarifT. 

Au  additiuual  payment  of  three  lloritid  with  u.  minimum  of  aix  liorinH 
is  made  independent  of  and  in  addition  to  the  price  indicated  in  the 
tariff. 

For  the  use  of  all  the  cranea,  moveable  or  fixed,  the  hire  is  increased 
^  percent  on  Sundays  and  holidays. 

The  use  of  the  coal-tip  is  rated  at  0.10  II.  per  1000  kilogrammes. 

The  following  are  inchid<>d  under  this  tariff:  the  hauling  of  the  wag- 
gon from  the  special  railroad  to  the  apj)aratus,  the  placing  of  it  on  the 
platform,  the  uulocking  of  the  Hhutter  towards  the  shoot,  the  tipping 
and  return  of  the  waggon  to  the  laiL 

In  case  the  conditions  of  the  shoot  are  not  satisfiMtmry,  the  Director  is 
authorised  to  increase  the  tariff,  according  to  circumstances,  to  the  amount 
of  50  percent. 

The  weighing,  effected  in  the  waggons  on  the  weighing  bridge,  is  payed 
at  the  rate  of  tl.  0.025  per  thousand  kilogrammes  net,  with  a  minimum 
charge  of  tl.  1.50.  The  net  wci^dii  is  determined  by  subtracting  from  the 
gro8S  weight  the  tare  inscribed  on  each  waggon. 

A  certificate  stating  the  total  weight  of  the  amount  loaded  or  unloaded 
can  be  obtained  on  a]q[»Ucation. 

For  night  work  or  on  Sundays  or  holidays  the  tariff  of  the  coal-tip  is 
increased  :^.0  percent. 

The  following  tables  make  clear  the  working  reeulte  oi  the  plant  since 
the  commercial  eeiahlishments  belong  to  the  town. 
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Steam  Cranes. 


VEAliS. 

Working 
aoan. 

Working 

rrotwls  irom 
hire 
of  cimnes. 

Average  number 
of  cranes  working : 
daily. 

1 

labour  expenses 
per  hour. 

1 

1 

CoiMmnption 
of  coal  per 

hour 
in  b<H'U>litreii. 

Flort  11  *i 

FIurlD*. 

ihh:{ 

13845 

85r.')  (555 

173.">3  53 

4.— 

0.6190 

0..335 

1884 

14(>44 

844o.105 

17.")24.!)9 

4.— 

0.5770 

1885 

17115 

1025)8.530 

18881.02 

5. — 

0.6020 

0.341 

186U 

8116.&75 

16970.30 

4.35 

a5i88 

0.324 

IS87 

20345 

13009.915 

a0947.S9 

5.50 

0.6439 

0Ji28 

1888 

S0886 

13406.960 

31912.86 

S.50 

a6463 

0.337 

18^ 

21084 

i;J2.50.9i5 

225a5.87 

6— 

0.6285 

0.353 

1890 

20G51 

18813.745 

28022.43 

0.7059 

0.344 

18»1 

20485..375 

341.59.15 

8.87 

O.r.lOr. 

0.319 

1892 

34W7.44> 

fl.- 

0,1  il  II". 

0,:^05 

1803 

34752 

:^0845.54 

9.345 

Ml 

o.:i:i5 

There  were  twenty  three  strain  cranes. 


Hydraulic  plant. 


YEARS. 

Hours  worked 
by  the  pump. 
,  (Honrs  by  steam). 

1  Days  worked  by 
the  pump. 
(Days  by  steam.) 

Average  nambre 

of  hours  by 
steam  per  day. 

Workinj^ 

expenses. 

flir« 

of  engines. 

Average  number 
of  entcincs 
^  working  per  day. 

Expenses  per  engine 
per  day  by  steam. 

t 

2  2  i 

O  M 

e  S 

OB, 

'S  —  li 

B    =  2 
BOX 

3-2 1 

IK 

■ 

> 

Florin*. 

188;^ 

1.5.30 

1«5 

9.30 

3804.260 

38(55.91 

i.r.0 

15.52 

1.20 

1884 

1879 

195 

9.(50 

4204.1  :r> 

42(50.07 

1.(50 

13.48 

1.11 

18R^ 

1R09 

197 

9.20 

38(»:VG.30 

4:^05.04 

1.«>«') 

12.20 

1 .28 

1880 

1870 

195 

9.(H) 

4.348.190 

4(555.915 

1.8*1 

12  39 

lis 

1887 

14r)« 

157 

!».30 

4703.135 

3135.80 

1.00 

19.58 

l.:^i 

1888 

2389 

226 

10.60 

4964.185 

5887.04 

1.80 

11.94 

1.29 

1889 

S480 

235 

10.60 

5651.515 

7304.33 

2.40 

1015 

1.99 

1800 

2669 

255 

10.40 

687&360 

924568 

2.80 

9.50 

1.32 

18IH 

3165 

279 

11.30 

8410.490 

11^40 

2.80 

10.61 

1.10 

1K92 

V.11 

.320 

13.78 

11.5.55..5«»0 

l(Vr>83.70 

3.12 

11.57 

1.37 

1893  ; 

4708 

300 

15.09 

11788.920 

I796&8a 

3.19 

V2.m 

1.32 

Digitized  by  Google 


Th(  hilxiur  •  xpenaes  of  the  eugiuus  and  buildings  are  included  in  the 

VV'orkiug  ExpetiBeb. 

The  profits  of  the  isteam  cranes  were  liW7i>  florins  in  1892,  and  14742 
lloriiu  in  1893. 

Co»t  uf  tbe  ri  iuuv««tble  crane«  IL  IVJMl 

m    m    m  Axatf  onitft,  iuetadJac  lU  fdaadMlow     ...      •  MuOOO 

Retunw  to  the  amount  of  about  6>/2  are  at  preset  obtained,  and 
this  may  be  (xmaideTed  sufficient  for  the  payment  of  intraesk  and  the 
sinking  of  the  capital. 

The  profits  of  the  hydraoUc  plant  were  5028  florins  in  1892,  and  6180 
florins  in  1893. 

Cust  of  urliflnul  plant  <1.  IWiiOO 

•     -   Um  ocwl'Up  •  MMW 

■    »  ttmt  c»BM  Jttlaed  togetbcr  •>  n.Wt 

Tola}  ....  asnwD 

The  working  results  therei'ore  of  thii*  part  of  the  plant  are  not  conside- 
rable :  only  about  2  is  obtained  for  the  payment  of  interests  and  the 
dnkiog  of  Hie  capital  of  the  original  plant  These  results  even  would  not 
be  obtained  without  the  most  active  labour  on  the  part  of  the  conl-tip. 

Therefore  a  manner  of  further  developii^  our  port  has  seriously  to  be 
considered. 

We  can  not  think  of  breakin*;  u{)  a  capital,  wluch  still  pa^-s  an  inte- 
rest of  2  "/q,  and,  besides,  thf  chance  ol"  incrcasint;  the  interest  becomes 
more  favorable  in  proportion  as  the  work  is  conductuil  on  a  larger  scale.  It 
has  therefore  been  decided  to  increase  the  prsflent  hydraulic  plant  of  the 
Binnenhaven,  but  to  choose  an  other  motive  power  for  the  plant  to  be  pot 
up  on  the  Rynhaven. 

The  hydraulic  plant  has  two  great  inconveniences.  In  the  first  place 
the  central  machine  must  be  placed  in  sight  of  the  largest  nuinl>er  of 
engines,  and  neverthelpfss  it  only  works  occasionally  and  then  only  at  short 
intervals  at  full  pressure.  To  be  convinced  of  this  one  has  only  to  watoh 
how  an  engine  in  the  central  building  works,  in  the  second  place,  each 
engine  always  works  at  full  pressure,  except  wh«ii  it  is  a  question  of 
obtaining  lees  efiective  results.  A  crane  made  to  lift  from  750  to  1600 
kilogmmmes  will  always  use  1500  kilogrammes  power,  or  the  same 
(juanlity  of  water,  even  where  it  has  only  to  lift  800  kilogrammes. 

Ordinary  steam  cranes  give  better  working  results  than  hydraulic  cranes. 

Npvpftheless,  if  for  the  reqniremontj^  of  the  railroads  along  the  ware- 
houws  on  the  quays,  it  a  qnestion  of  using  high  horse-cranes  instead 
of  Bkown's  system  of  crane,  which  has  not  much  height,  steam  cranes 
present  inconvenienoes  which  have  to  be  contended  with.  They  ineicsss 
the  risk  of  fire  and  neoessitate  the  hoisting  up  of  water  and  cosi 

The  great  impetus  given  of  lato  by  the  tninsmiadon  of  motive  power  to 


21 


a  diatance  by  ineuiih  of  ulectricity  has  naturally  attracted  our  attention. 

The  town,  which  does  its  own  gas  lighting,  had  decided  in  addition  on 
the  establishment  of  a  central  station  for  electric  lighting  and  the  trans- 
mission of  motive  power,  for  the  benefit  of  public  buildings  and  private 
individuals. 

As  an  experiment  a  qnay  t^am  moved,  by  electricity  was  put  up  in 
1802.  At  the  same  time  two  cranes  of  the  same  kind  were  pat  up  at 
Hamburg  i)y  different  builders. 

The  results  have  been  Hatistactory  tu  the  tlegree.  that  it  has  been  deter- 
mined to  set  up  provisionally  six  other  electric  cranes,  which  will  be 
placed  during  the  present  year  on  the  Wilhelminakade. 

Messrs.  Naobl  &  Kabhp,  of  Hamburg,  have  undevtaken  to  deliver  them 
upon  the  following  conditions:  they  will  cost  11060  florins  each  and  the 
makers  warrant  them  to  run  at  315  watts  an  hour  while  engaged  on  the 
following  work:  a  load  of  15CK)  kilogrammes,  deposited  on  the  qnay,  will 
be  lifted  to  the  maximum  height,  lowered  fifteen  tnetrcs  and  tlien  lie  repla- 
ced upon  the  quay  on  the  other  side  of  the  crane,  at  a  point  diametric- 
ally opposite  to  its  original  position.  • 

On  account  of  the  heavy  fine  they  incur,  if  they  M  to  ftiUQl  these  condi- 
tions, MesRB.  Naobl  and  Kaxmf  are  not  willing  to  warrant  a  less  consump* 
tkm  ct  electricity,  but  they  are  convinoed,  that  if  the  power,  whioh  by 
the  descent  ot  the  load  is  returned  to  the  cable,  be  subtracted  from  the 
effective  power  required,  they  will  niu  at  240  \v;itts  the  hour  to  perform 
the  work  just  described.  This  consumption  of  electricity  is  indicated  by 
the  experiment;-*  made  with  the  crane,  that  the  firm  has  put  up  at  Ham- 
burg, the  constructiou  of  which  la  in  the  main  ideutical  with  that  of  those 
to  be  put  np  at  Rotterdam. 

The  town  is  building  near  iha  gas  works  a  central  station,  where  eleo- 
tridty  will  be  produced  under  a  tensi<Mi  of  700  volts  in  a  continuous 
current.  Tliis  electricity  will  lirst  be  directed  to  two  accumulation  stations, 
one  on  the  right  the  other  on  the  left  bank  of  the  Meuee,  whence  it  will 
be  divided  upon  the  system  of  five  conductors.  The  cranes  can  work  with 
a  tension  of  440  volts.  The  central  engines  can  work  continually  at  full 
pressure;  by  day,  principally  for  the  service  of  the  cranes j  by  night 
principally  for  lighting  purposes. 

The  energy  whidi  is  not  used  at  the  time  of  produotitm  is  sttned  in 
accnmulatcvs,  Irom  which  it  is  taken  when  required. 

The  engines  are  always  ready  to  work  and  only  use  dflctridty  at  the 
moment  of  lifting  or  turning  round.  Upon  the  descent  a  certain  quantity 
of  the  electricity  is  returned  to  the  fjystem.  hocause  the  motors  then 
revolve  in  the  opposite  direction.  Under  these  conditions  it  is  hoped  that 
more  remunerative  and  at  the  same  time  safer  working  results  will  bo  arrived, 
since  the  most  severe  frost  can  not  interfere  with  the  working  of  these 
engines. 
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lu  the  warehouses  of  the  Wilhelminakade  electricity  is  already  used 
with  Buocefls  to  move  various  liftiiig  apparatuses.  Tliey  receive  the  motive 
power  from  a  provisboal  station,  but  they  will  later  be  connected  with 

the  town  system. 

Be^idcHi  the  cranes  belonging  to  the  town  there  are  also  on  the  left 
bank,  on  the  ground  of  the  station  of  tlie  State  railway : 


A  luiiid  craiw  of 

MOO 

Blgbl  inovMMei  •team  mnn  of  IMO 

T«<i         -  ,         .       .  :vKM> 


3i»t»>  Utoa  power,      I         srrviix-  «f  the  lulaoil  imvitrHtion. 

'"^  »  '       able  U)  Hp  waggona  of  .  IfiOOU  kilos. 


V  atcanenncattlwalilp-bulMtiiit 
BatebUabmvBt  at  VcTvaoonl  of 


Lastly,  a  privHte  company  hires  out  two  machines  for  masting  ships, 

the  one  capable  of  rai^^inp  15000  kilos,  the  other  2')<TI0  kilos. 

Vess^'ls  lyiiifT  along  the  ((uays  are  free  to  inakf  use  of  thp  j>!aut  t^l"  tin- 
town  <.>r  that  with  which  they  an*  pn)videti  lor  the  loading  or  unloading 
of  their  cargoes.  The  town  also  hires  out  the  small  plant  necessary  fur 
this  purpose,  according  to  the  following  tariff  per  diem: 


six  wtKfled  carts,  carta  on  castor*,  itheel 
barrow  a,  awib  

Four  «bc<-l'''l  •-•arlH  

I>ri«j  «  

Levpra,  baDflaplkca,  croK-bara,  afaovcls  for 
faallaat,  Kralb  ike.,  davits,  M«ar  taatcr*. 

rltt«ji«  

UaiKl  baniuicTS,  mi/n-n.  turc4-p»,  cacti 
IftwdlpR  brMgm  
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<1iain5.  9ak^  <-halii>  J£>'..  mil  .  row-liar- 
unloiulinK  ^^lo<•»«  \  ucls,  folic  vuda,  blucWa 
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Fractions  of  days  are  counterl  as  whole  days. 

The  use  of  the  weighing  l)ri<h.ie  for  the  weijihinc  of  waggons,  whirh  can 
carry  '20()<X)  kilos,  is  charged  at  the  rate  of  tl.  0.75  per  waggon  with  a 
niiniinuni  charge  of  fl.  1.50. 

All  this  goes  to  show  that  the  greatest  liberty  and  fodlity  is  offwed 
with  rei^iect  to  the  use  of  the  fittings  of  the  port. 
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DRY  DOCKS. 

It  is  indispensablo  that  the  organisation  of  a  sea  port  should  a)mpriM 
all  that  \»  necessary  for  the  examinatiim,  cleaning  it  repairs  of  vesaels. 
Until  private  oompaaies,  which  exist  still,  alone  provided  these. 

They  were: 

(1)  Messrs.  S.  Th.  van  Leeuwem  &  Co.,  who  worked  a  wooden  floating 
dock  88  metres  long  and  16.16  metres  wide,  laflkletiieMUTement,  for  vessels 
drawing  not  more  than  towtty  two  decimetres  of  water. 

(2)  The  Soci^  GKntode  for  refitting  docks  on  the  Westseedijk  and 

(3)  Ttie  Nocwderetland  refitting  Dock  company. 

Each  of  these  companies  has  a  dock  for  vessels  of  1200  tons. 

Rotterdam  and  its  environs  aho  po«3Pt4f  a  certain  number  of  ostablishmeots 
for  the  huilding  ami  repairing  i)f  sailing  or  wteam  river  craft. 

However,  the  Lloyd  of  Rotterdam  and  the  Netherland-Americau  steam 
Navigation  Company  introdttoed  into  our  shipping  vessels  of  a  site  too 
great  to  enter  the  then  existing  dry  docks.  The  need  has  been  felt  from 
that  time  of  a  dock  of  dimendoos  corresponding  to  those  of  the  largest 
vessels  that  can  come  np  to  Rotterdam. 

It  was  not  however  possible  to  form  a  company,  which  would  run  the 
risks  attached  to  such  an  undertaking.  A  very  large  sura  of  money  was 
required,  and  on  the  other  hand,  tlie  results  of  the  iinprovt men!  of  the 
navigable  route  from  Rotterdam  to  the  sea  were  not  yet  assured. 

The  town  therefore  decided  in  1880  itsdf  to  do  what  warn  neoessaiy. 
The  establishment  of  fixed  docks  in  masonry  in  our  country  presents  the 
greatest  difficulties,  on  account  of  the  instability  of  onr  soil,  and  these 
difHcultiee  could  only  be  overcome  at  the  expense  of  very  conside- 
rable capital.  Preference  was  therefore  given  to  the  system  of  floating 
docks  of  iron. 

The  latt<^r  have  moreover  this  considerable  advantage  in  working  over 
excavated  docks,  viz.  that  the  ships,  once  out  of  the  water,  dry  more 
quickly  by  reason  of  the  wind,  which  plays  more  freely  on  both  mdes 
of  them. 

Instead  of  one  large  dock,  two  were  made ;  one  of  ninety,  the  other 
iatty  eight,  metres  in  lengt  with  an  equal  width  for  both  of  27.40  metres 
over-all  measnrement  and  capable  of  raising,  besides  ihmt  own  weight, 

44.000  kilos  per  metre  in  length. 

The  dock  of  ninety  metres  was  able  to  receive  veHHcln  one  hundred 
and  ten  metrea  long,  the  largest  which  at  that  time  frequented  our  port. 
The  smaller  dock  could  take  in  vessels  up  to  seventy  metres  in  length. 
Lastly,  by  coupling  the  two  dodn  lengthwise,  an  apparatus  was  created 
capable  of  receiving  a  vessel  a  hundred  and  fifty  metres  long,  with  a 
maximum  weight  of  tax  million  Ulogrammee.  It  has  been  neoeesary  in 
fibot  several  times  to  employ  this  method  of  coupling. 
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On  the  l«ft  bank  of  the  Metiae,  the  special  baaiii  named  Dokhaven  has 
been  excavated,  where  TflOBela  can  make  fast  in  perfect  safety  sheltered 

from  the  current,  which  makeB  it  a  perfectly  easy  inatter  to  haul  them 
into  tho  dock.  Tho  opeDing  of  the  town's  floating  docks  took  place  in 
October  1S8:>.  at  the  placing  in  dock  of  the  steamer  „Qeldei:Jand"  belon- 
ging to  Lloyd  of  liottenlam, 

With  the  increase  iu  ^luppiug  at  Rotterdam  the  yse  of  the  docks 
increased  in  like  manuer,  till  the  necessity  of  building  a  third  became 
evident.  The  town  decided  to  do  so  in  1890. 

The  third  dock  was  opened  in  Febmary  1893.  The  length  of  it  is  a 
hundred  and  ten  metres,  with  a  power  of  nising  55000  kilogrammes  per 
metre  in  length,  or  a  total  of  mx  million  kilogrammes.  Vessels  of  a 
hundred  and  thirty  to  a  hundred  arid  forty  metres  and  drawing  fpven  metres 
can  enter  it.  A  site  hi\s  been  assigned  to  (liis  dock,  near  the  oilier  two, 
dut  consideration  being  given  to  the  enlargement  of  the  basin  which  con- 
tains them. 

The  cost  of  this  structure  was  as  follows: 

('onKtriit'tioii  of  ttit-  liAMiii  with  lU  w»re-liiiU8<^ii  mid  uUier  buUdiuitH       .     .     .11.  2>'U>.ooo 

XhmkB  I  und  II  KlO.oriO 

Enlugcnusnt  of  the  twain  4     ....  •  ¥U0> 

Doek  III  ...    .       ...   mm 

ToUa     .     .     .  ILIMMOO 

The  use  of  the  floating  ducks  is  subject  to  a  special  charge  called  „dok' 
gel(V\  of  which  the  following  in  the  tariff: 


Gross  tonnage  of  vessels 

(jo8t  of  entering 

Hire  of  tho  dock 

in  enUc  metris. 

&  losviog  the  dock. 

pw  day. 

V«T  «!ttU,  ID. 

T«Me]»  of  S60  cub.  n.  or 

kn  to  100  onb.  D.    .  . 

Florin 

0.09 

Vw  the  lini 

Norn  401  to   4fiO.  .  .  . 

0.066 

5  dnyo  3  cento 

„    461  ^    500.  .   .  . 

n 

O.0B 

|ier  cnb.  m,  per 

„     SOI  „    750.    .    .  . 

N 

0.076 

day. 

„     7.11  „   1000.    .    .  . 

0.07 

For  snbsequent 

„    1001   „  2000.    .    .  . 

n 

0.06.5 

days  2  1 ents  per 

„    2001   ^  3000.    .    .  • 

11 

0.06 

cab.  m.  per  day. 

„    3001  „  4000.    .    .  . 

U.U.jo 

„  4001  ttid  ovor  .  .  . 

n 

0,05 

With  regard  to  the  entering  and  leaving  the  dock,  it  is  undnstood  that 
this  tariff  is  never  to  he  interpreted  so  that  a  voflsol  of  large  tonnage  ia 
subject  to  smaller  chargee  than  a  smaller  yessel. 
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With  rt  Hiiect  to  iha  iniitioenvres  of  entering  ami  leaving  the  dock,  as  well 
as  the  hire  ot  it,  the  ubove  iAti&  is  increatieU  25  for  ve^l»  which 
make  aw  <rf  the  two  doeke  (tf  48  4(  90  melrae  eoupled  togetiier,  end 
SO  %  tot  tboee  of  particularly  heavy  constniction,  wast  as  axmoared 
vesBela. 

By  groes  tonnage  is  meant  that  indicated  by  the  timnage  certificate 

issutnl  hy  thf  State. 

In  default  of  this  certificate  or  some  other  ilociiment  showing  the  toii- 
naee  Huflieieiitly  nearly,  or  upon  the  r*  rir-';\l  to  produce  the  <locument8 
desired,  the  ve.st^el  is  rated  according  to  established  rules,  or  rules  to  be 
established  by  tlio  slate,  and  this  operation  is  performed  by  an  expert 
provided  by  the  corporation. 

When,  upon  its  entauice  into  the  dock,  the  Teasel  is  partially  loaded, 
the  duty  is  charged  not  only  on  ita  gross  capacity,  but  also  upon  the 
amount  of  the  ctaga  Talned  at  the  i»te  of  2  cub.  m.  83  oentlmetiea  per 
thousand  kilogrammes  in  weighty  the  tonnage  of  the  veead  and  amount  of 
cargo  l>eing  added  together. 

The  length  of  the  vmoh  may  without  inconvenience  be  18  metres 
greater  than  the  docks  used. 

Steatn  boats,  pumps,  eajjstans,  windlasses,  electric  light  and  other  accoR- 
oories  can  be  put  at  tiie  disposal  uf  those  who  require  theiu  at  a  tixed 
talis 

The  following  table  shows  the  working  results. 
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The  labour  txpeiisea  of  the  docks  themselveB  and  the  baeins  cuntaimng 
them  arc  iitcludcd  iu  thu  VVurking  Expeuscu. 


One  of  the  most  important  factoni  in  the  evalulion  of  a  searport  is  a 
good  connection  with  the  railway  syetems.  The  more  the  number  of  nil* 

ways  increaaes,  fpreadin;^  out  in  every  direction  throutjliout  the  country 
behiivl  til  is  ]nnt,  the  grcattr  in  tho  rhnncp  opened  for  :iu  increase<i  traffic 
on  tlie.«e  lines  —  a  circumstanc'  wliieli  coiitrihutea  singularly  to  the 
prosperity  of  tlie  country.  The  contact  of  the  port  und  the  railroad  should 
however  be  imiuediate ;  between  the  one  and  the  other  there  should  be 
no  conaidenble  distance,  for  fear  the  expenses  of  intermediate  conununi- 
cation  reach  loo  high  a  figure. 

Railway  traffic  is  classed  under  two  principal  categories,  that  affecting 
local  interests  and  that  of  transport. 

The  traffic  aflecting  local  interests  (ximprises  either  food  stuHs,  which 
aootimulate  in  cunsidcnil»le  quantity  in  the  warohiniscR  to  be  di.s|)atchpd 
oiKX'  inoru  to  ditltTciii  part«  by  laud  or  water,  or  good.s  tu  be  taken  by 
merchaata  of  various  classes,  who  sell  thcui  over  again  retail.  • 

For  the  profitable  working  of  ware-houses  it  is  important,  that  they 
should  be  in  oonnectt(m  with  railroads  on  Uie  quays  and  thus  reduce  the 
local  expenses  to  a  minimum.  What  I  have  ssid  with  regard  to  the 
ware-housing  of  goods  has  reference  to  this. 

With  respect  to  the  category  aSeeting  various  merchants  and  private 
personSi  it  is  important,  that  the  goods  station  shall  not  he  at  too  great 
a  distance,  bpr.iuse  othi  rwi-^o  in  a  large  town  the  cost  of  carting  might 
rt'ach  a  limire  ipiite  nut  of  proportion  to  tbe  vahic  f>f  th«  commodities. 
I'he  number  ot  local  goods  stations  therefore  should  be  regulated  bij  the 
importance  of  the  town. 

In  my  opinion,  a  town  such  as  Rotterdam  ought  to  have  at  least  four. 
We  have  at  present  three,  one  in  the  north  end  of  the  town  (the  (3ate 
of  Delft  Station),  one  in  the  east  end  (the  Mouse  Station),  and  one  in 
the  south  (the  Feyenoord  Station). 

On  account  of  the  development  of  the  west  end  of  the  town  and  the 
harl>our  works,  which  are  already  projected  there,  it  will  become  neces- 
sary to  liavc  a  fnurtli  station  for  local  traffic.  People  pending  or  receiving 
goods  will  then  be  able  to  choose  wliicliev!  r  of  the  four  stations  it  will 
be  most  to  their  pecuniary  interest  to  use.  But  for  thin  purpo.se  it  will 
be  necessary  for  the  stations  to  be  connected  with  one  another.  The 
Gate  of  Delfl  Station  and  the  Feyenoord  are  slready  in  communication 
and  the  junctira  of  the  former  with  the  Mouse  Station  is  in  course  of 
execution  by  mmns  of  a  circular  railroad  in  the  north  of  the  town. 

With  rsgard  to  transport^  a  distinction  must  be  made  between  goods 
m  moMS  and  packages.  For  example,  ores,  coal,  timber,  grain,  which  land 
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iu  whole  cargotto  to  ha  tniiihpi>rkd  further  hy  boat  or  rail,  in^long  to  the 
lirst  category.  If  it  is  by  rail,  spaciou:}  quays  without  sheds  and  many 
lines  am  an  absolute  necessity. 

A  vessel  which  brings  3000  tons  of  ore,  and  that  is  not  a  large  vessel, 
requires  300  waggons  for  the  transport  of  her  cargo.  If  therefore  seveml 
vessels  should  be  near  each  other  alon^^-^^ide  the  quay,  a  large  number  of 
railnand  puintf  will  bf>  required  in  order  Uiat  they  1»o  unloadtHl  promptly 
and  without  mutual  inconvenience.  These  oiK-rations  therefore  are  com- 
monly ciirried  out  at  the  statiuuB  on  the  docks,  the  Feyenourd  and 
Meuse  stations. 

Only  when  there  is  not  sufiicient  room,  and  that  sometimes  occurs,  the 
east  quay  of  the  Binnenbaven  is  also  used  for  this  purpose. 
This  quay  is  also  devoted  to  the  transshipment  of  German  export 

coal  and  coke,  which  arrives  in  numerous  waggons  which  require  to  lje 

rapidly  unloaded.  This  naturally  necessitates  a  spa'-ious  site  and  tin- large 
number  of  rails  met  with  at  this  point.  The  unloading  of  sailing  vei*8el«  i.« 
iilso  generally,  done  on  the  west  side  of  the  T^innenhaven,  but  it  occa- 
t^iunei  le^  inconvenience,  because  generally  npeaking  it  docs  not  lake  place 
at  the  same  rate. 

Qoods  in  packages  are  especially  brought  or  taken  by  ships  of  mixed 
cargo,  which  are  served  by  fixed  lines  and  have  their  positi<mB  reswed 
along  the  quays.  It  is  therefore  of  the  highest  importance,  to  reduce  the 

local  expenses  to  a  minimum,  thai  the  waggons  shall  be  able  to  come 
and  take  or  deliver  their  loads  in  the  immediate  neighbourhood  of 

the  ships. 

The  shipping  lines,  which  have  fixed  positions  on  the  right  bank,  do 
not  yet  enjoy  this  advantage*  Until  the  last  few  years  the  need  has  not 
made  itself  much  felt,  because  the  cargoes  can  evidently  hear  greater 
expensee  and  because  a  service  of  lightets  established  between  the  railroad 
and  the  vessels  and  vice  versa  supplied  this  need  in  a  certidn  measure. 

However,  the  competition  of  neighbouring  ports,  every  day  more  active, 
has  already  obliged  certain  lines  to  move  their  positions  to  the  left  bank 
of  the  Meuse,  and  mont  certainly  when  tlie  works  for  the  development  of 
the  arrangements  on  the  right  bank  shall  be  complete  other  steamers 
will  have  the  benefit  of  the  poidticms,  which  will  be  in  oonnection  with 
the  railway  lines.  When  the  project  of  establishing  works  was  promulgated 
by  the  Commercwl  Association  of  Rotterdam,  the  idea  was  to  connect  the 
quays  with  the  railroads.  A  branch  line,  passing  over  the  bridge  which 
spans  the  southern  mouth  of  the  Spoorweghaven.  connrct.s  the  Feyenoord 
goods  station  with  the  quays  of  the  Binnenhaven  and  \Yith  those  on  the 
east  flide  of  the  Bpoorweghaven.  All  along  the  warehouses  on  the  latter 
there  ia  but  one  rail  at  the  water's  edge  for  the  removal  of  goods,  because 
the  seoond  has  to  remain  at  the  service  of  the  cranes.  This  is  certainly 
a  mistake,  tot  the  direct  oommunioatioii  by  rail  with  the  vcesek  lying 
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north  of  the  SpoorweghavoD,  is  noach  impeded.  The  ooneequence  of  thk 
ie  that  mtfa  the  raoeptiui  oi  the  anivak  of  coal  for  the  bunkers  and 
certain  goods  of  great  weight,  haidly  anything  poBses  or  ean  pass  over 

this  line. 

It  has  \men  npces^sary  to  lay  down  three  others,  behind  the  ware-houses, 
so  tli  it  goods  in  jiiK-kages  to  be  despatched  by  rail  cannot  reach  Iht' 
lines  without  pas^tug  throuf^h  the  sheds.  For  certain  goods,  subject  to 
customs  formalities,  this  does  not  present  any  great  inconvenience;  but 
for  others  the  case  is  not  the  same.  Therefore  along  the  new  quays  of 
the  Rijnhaven  two  lines  of  rails  have  been  laid  down  near  the  water.  The 
use  of  horae-eranes  nevertheless  has  allowed  of  no  greater  distanoe  bnng 
left  than  between  the  shed  and  the  water  s  edge  on  the  Spoorweg- 
haven.  At  this  |)oint  the  two  sy^^tems  of  open  and  oovered  quays  have 
been  connected.  In  the  iiii<l(lli'  of  the  quay  an  open  ppnce  has  been 
reserved  for  ships  that  do  not  require  sheds,  and  this  arnimrrriRut  greatly 
tacilitates  tho  traffi*"  passing  over  the  railway  an*!  tlu^  'juay.  Turning 
platfoimh  aiKi  irausverso  rails  are  always  in  thu  way,  especially  for  the 
use  of  oartSi  so  that  almost  all  apparatus  of  this  nature,  put  down  in 
1873,  at  the  commencement  of  operations,  has  been  removed. 

The  town  of  Rotterdam  has  by  purchase  become  owner  of  this  land 
outside  the  dam  on  the  left  bank  of  the  Ifeuse.  This  acquisition  presents 
a  developrarat  in  length  of  more  than  nine  kilometres  and  about  365 
hectares  in  area. 

On  thin  Hpacc  tho  harlxjur  works  now  existing  have  l)etMi  put  up  and 
olherB  will  be  erected  in  proportion  to  requireinentH  according  to  plans 
alreatly  complete.  The  construction  of  the  new  luauulaeturiug  quarter  of 
Rotterdam  has  also  been  pknned,  to  the  east  of  the  railiray  embank- 
ment)  and  is  to  day  sufficiently  advanced  for  part  of  the  quarter  already 
to  be  at  work. 

The  greatest  care  has  been  given,  it  will  be  readily  conceived,  to  the 
oonn^lion  with  the  ndlroad,  so  that  every  part  of  the  docks,  as  well  as 
every  factory  in  the  quarter,  may  be  accessible  by  means  of  rails.  Tlmt 
however  is  not  enough ;  it  is  necessary  that  the  working  of  such  secon- 
dary branch  lines  may  not  only  be  certain,  but  also  as  cheap  &s  possible. 
When  as  is  here  the  case,  the  management  of  the  railway  and  of  the  port 
is  not  in  the  same  hands,  there  ought  to  be  an  agreement  for  a  sufficiently 
long  time. 

Railways  need  pmrta  to  keq>  them  going.  On  the  other  hand  it  is  impos- 
sible to  imaguie  a  port  properly  worked  without  the  help  of  railways. 

There  is  therefore  mutual  interest  which  .should  serve  as  the  basis  of 
the  contract;  the  two  parties  should  have  in  view  the  extension  d  the 

movement  as  a  source  of  immediate  profit. 

In  ISS'.t  a  convention  for  the  layin^r  down  and  use  of  railroadn  on  ihf^ 
land  on  the  rigiit  bank  of  the  Meuse,  which  belongs  or  will  belong, 


Digitized  by  Google 


30 

either  by  possession  or  favour,  to  Rottordnni,  was  concluded  between  the 
town  and  the  Company  for  ihv  working  of  State  railroads.  The  following 
are  the  principal  clauses  of  the  agreement. 

(1)  The  Cotnpaiiy  oblifirM  its*>lf! 

A.  To  describe  in  all  it«  taritis  for  the  transport  of  goods  as  a  special 
station  at  the  same  rates  as  the  Feyenoordatation  the  land  between  the 
shipyard  of  Feyenoord  and  the  western  boundary  of  the  site  let  to 
the  American  Petrolenni  Company. 

B.  If  the  rails  should  be  carried  furllier  west  than  the  above  honndary, 
as  has  already  been  done  to  connect  the  petroleum  yard  of  Messrs. 
RiETH  &  Co.,  not  to  apply  a  higher  tariff  than  that  indicated  under  A, 
at  an  increasp  only  of  fifteen  cents  per  ton. 

(2)  .  All  working  oxpensrs,  r  harjies,  all  responsibility  incurred  by 
the  use  of  the  railway  are  borne  exclusively  by  th*>  Company. 

(3)  The  town  builds  the  road  and  keeps  it  in  order,  i.  e.  the  eoibauk- 
mentsand  bridges;  viaducts  and  oihm  works  neeessary,  and  the  company 
builds  and  keeps  in  order  the  snperstruetUKe,  i.  e.  the  tails,  eleepen, 
points  and  turning  platforms. 

(4)  Out  <^  the  profits  acciuired  by  the  Company  from  the  transport  to 
or  from  the  merchant  sites  the  Company  puts  by  annually  a  certain  sum, 
from  which,  in  addition  to  other  small  duef,  thr  town  i?  payed  fifteen  cents 
per  metre  in  length  for  the  proper  maintenance  of  the  road  and  0.025  of 
a  florin  ]>er  thousand  kilogrammes  of  goods  brought  to  the  merchant  sites 
or  entrances  ot  the  said  sites. 

(5)  The  company  obliges  itsidf  to  admit  on  the  merchant  sites  taains  of 
other  railway  companies  and  to  concede  to  them  the  use  of  the  rails  and 
points,  upon  the  same  conditions*  upon  which  aoc<»ding  to  the  law  it 
would  in  similar  circumstanoes  be  obligatory  for  this  use  to  be  oonoeded 
on  any  railroad  in  the  Netherlands.  The  discount  of  reoapts  obtained  under 
this  head  will  be  efTt  cted  as  explained  under  (4). 

(C))  Ttip  agreement  is  made  for  a  period  of  twenty  live  year.«,  with  the 
necessary  stipulations  in  case  of  the  lengteniug  of  the  contract,  the  pur- 
chase of  the  lines  by  the  State  6cg. 

This  arrangement  has  insured  the  proper  working  by  means  of  railroads 
of  the  docks  and  land  devoted  to  trade  usee.  Neither  the  consignees  of 
goods  brought  by  sea,  nor  those  who  arrange  for  their  transshipment^  have 
anything  to  pay  in  addition  to  the  ordinary  tariflb  for  transport  one  way 
or  the  other,  any  more  than  the  owners  of  factories  on  land  belonpng 
to  the  town.  On  the  other  hand  by  the  dues  which  it  is  sure  of  on 
account  of  the  length  of  the  line-;  of  tlie  system  and  the  imfwrtance  of 
the  shipping  movement,  it  to  the  interest  of  the  latter  to  do  all  in  its 
power  to  benefit  tbis  movement. 

li  the  project«<i  worku  on  the  right  bank  of  the  Meuse,  in  the  western  part 
of  the  town  are  ever  carried  out,  there  will  be  a  new  station  there  for 
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Bhipping  and  trade  purpoRes  which  will  naturally  be  connected  with  the 
other  staliona  It  will  then  be  necessary  to  build  on  the  circular  railroad 
a  larpe  sortinj?  station,  to  which  the  good^  trains  will  V)e  sent  nnsorted,  in 
order  that  the  clai^sifying  of  the  waggons  intctKlpd  for  each  of  the  othfr 
stations  may  here  he  csirritjd  out.  In  every  j<Uition  lor  shipjjing  purpoBes 
there  ought  alno  to  be  sidings  on  which  the  sorting  of  waggons  intended 
for  various  quays  and  &ctoriee  may  be  performed. 

By  this  means  alone  even  in  case  of  the  hlocktng  or  obstruction  of  the 
port  by  ice^  the  railway  companies  will  be  able  to  dMive  all  the  profit 
possible  from  the  plant  at  their  diqiosal. 
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The  value  of  a  seaport  depends  upon  ite  accessability  from  the  sea  at 
ftll  times,  lis  depth  of  water,  safety,  freedom  from  tolls  and  dues  and  its 
fiMsUitiee  for  lapid  time^Ting  work ;  aleo  upon  its  numenras  and  diieoi 
land  and  water  oonnections  inland  allowing  of  a  speedy  and  eoonomiiial 
tnnsit  of  iniitnhandiiw>  in  all  direotions. 

A  port  which  by  its  position  posseBses  these  essential  advantages  fulfils 
the  conditions  which  ought  to  assure  its  progress  and  prosperity  in  the 
commercial  world.  The  constrnction  of  docks,  quays,  wharfs,  sheds, 
warehonsep,  bonded  wurchousos  and  dejwtii,  aiui  the  laying  and  organi- 
sing uf  railway  connections  wili  be  carried  out  as  the  need  for  them 
becomes  felt. 

Certain  Eoropean  ports  are  so  well  i^aoed  geographically  and  so  well 
folfiU  tiie  above  leqniiements  that  not  only  do  tfaey  attract  diipe  of 
vegnlar  lines  of  sailing  but  they  seem  also  to  be  the  natural  door 
fat  a  wide  stretching  continental  transit  trade.  This  again  reacts  favou- 
rably upon  their  export  trade  and  thus  in  these  favoured  port<^  imports 
and  exports  grow  together,  for  it  is  certain  that  ships  are  Sent  preferably 
where  a  return  cargo  is  most  likely  to  be  had. 

Favoured  by  the  completion  f)f  the  North  Sea  Canal  and  of  the  avant- 
port  of  Ymuideu  in  1870,  and  by  shortened  and  improved  railway  con- 
nectionB  wiUi  Germany,  and  still  further  benefited  by  the  opening  of  the 
Bhine  Gansl  in  1802,  Amsterdam  has  again  bad  the  road  laid  open  to 
ber  foor  the  revindicatioii  of  her  ri^t  to  the  title  of  a  coamieicial  city, 
entrepot  and  port  of  tranatt 
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The  pxtet^^ion  of  her  relation  with  the  East-  and  West  Indies  is  shown 
by  the  ever  increasing  prosperity  of  her  regular  lines  of  steamers  e.q.  the 
„Nederland",  ,,Oc6aan".  and  the  „Koninklijk  West  Indischcn  Maildienst". 

The  coutiuenUl  (Europt'anj  trade  of  Amsterdam  is  nut  less  important. 
Sevoal  mdependant  mod  private  lines  ai  steemehipe,  as  well  ae  the  im- 
poitent  and  flouriBhing  ,^ninkl^ke  Nederlandeche  Stoomboot  Bfeat- 
eehappg'*  cultivate  ttue  trade  asnduouely  and  Bail  legnlarly  to  the  Medi- 
terranean, Baltic  and  North  Sea  portB,  as  well  as  to  those  on  the  ooastB 
of  France  and  Portugal. 

As  an  entrepot  and  transit  port  too  Amsterdam  disposes  of  docks 
and  quays  of  more  than  coneiderable  ox(«'nt  and  constructed  Bince  1875. 
With  her  uniform  and  almost  invariable  depth  of  protected  water,  at  all 
times  calm  exists  in  her  basins. 

That  the  expeditious  loading  and  unloading  of  cargoes  in  her  port  is 
appieeiated,  is  shewn  by  the  fbllowing  table  from  which  the  yearly 
increase  of  tonnage  may  be  gathered : 


Tomui*. 

Mb.  BWtlW. 

ToBlMBe: 

>  m*    .    ■  . 

.    .    .    .  vm 

.  IBftt*  .... 

3427 

,     .     .     .  MM 

.  liMl  ... 

.  im    .    .    .  . 

.     .     .  MM 

•  im    .    .  . 

Onoe  tiiroQgh  the  lodes  at  Ymuiden  the  vessel  approaches  a  port 
which  for  accessibility,  wharfege  and  equipment  amply  fulfils  the  condi- 
tions above  mentioned. 

Femn  the  sea  the  port  of  Amstexdam  ia  reached  by  the  port  of  Ymui- 
den and  the  North  S<'a  Canal. 

Formerly  it  is  true  the  North  Holland  Canal  and  the  Zuiderze<'  by 
the  Orange  lockB  aflbrdetl  access  from  the  sea  but  by  scajjoing 
vessels  of  any  size  this  approach  is  no  longer  used,  though  it  still 
aervea  for  smaller  inland  river  craft. 

The  North  Sea  Oanal,  toll-free  since  1890,  can  accommodate  shipe  185 
metres  (about  448  ft.)  long,  by  16  m.  (52  ft.)  beam,  and  drawing  7.90  m. 
(28  ft^  6  in)  of  water.  There  is  being  constmcted  at  Ymuiden  another 
lock  225  metres  (731  ft.)  long,  25  m.  (82  ft.)  wide,  and  10  m.  (33  ft.) 
deep.  When  this  is  fmished  ships  with  a  draft  of  9  m.  (29  ft.  6  in)  will 
be  able  to  proceed  up  the  North  Sea  Canal  to  the  port  of  Amsterdam. 

Besides  the  Ymuiden  locks,  vessel s  for  Amsterdam  pass  through  an 
ordinary  mad-bridge  at  Velr.en  ami  through  two  railway  bridges;  one  at 
Velzen  on  the  Haarlem — Aikmaar  railway,  and  the  other  on  the  North- 
Holland  Amsterdam— Zaandam  line^  A  Utile  time  is  thus  lost)  but  still 
from  the  sea  to  Amsterdam  vice  versa  8  hours  suffice. 
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The  following  table  will  show  the  growth  of  traffic  on  the  North 
Sea  Canal : 


TOTAL  TONITAOE  PASSINO  THROUGH  THE  VORTH  SEA  CANAL. 


OvrwABO  muvd: 

ImrABD  BOCTi) 

Total: 

K«mber. 

Tonnigie  «ab.  M.| 

Number.  Tonnage  oab.M. 

Number.  |Tonn«geoabiM.*) 

isn 

1708 

1.488.178  net  . 

... 

1607 

1.481.598  iwt 

3876 

8.965.198  giOM 

1B78 

1855 

1.581.904 

V  1 

1587 

1.801.889 

^ 

8848 

i.376.360 

1879 

1919 

1.857.833 

n 

2094 

1.953.980 

4013 

5.241.242 

• 

1880 

2214 

2.107.188 

2281 

2.157.774 

>» 

4495 

5.864.322 

«  AAA 

1881 

2266 

2.320.927 

it 

2337 

2.269.397 

4603 

6.311.695 

188> 

8881 

8.880.810 

tt 

9858 

8.585JS5 

:  1 

4674 

7.116380 

* 

1883 

2773 

2.742.049 

2821 

2.695.242 

5594 

7.470.275 

1884 

2776 

2.979. 7H4 

•» 

2660 

2.952.598 

5436 

8.156.947 

18S5 

2744 

3.022,977 

It 

3067 

3.031.295 

» 

5811 

8.324.624 

n 

1886 

8868 

8.118.774 

• 

8090 

8.138351 

a 

6942 

8.084.885 

1887 

3019 

4.077.188 

gross 

3237 

4.137.604  gross 

6256 

8.214.738 

1888 

3277 

4.224.520 

n 

3582 

4.339.001 

ri 

G859 

8.653.521 

» 

188» 

8231 

4.434.242 

3560 

4.456.7G9 

6791 

8.891.011 

1890 

86U 

4.706.191 

» 

4238 

4.782.821 

7782 

9.428.112 

1881 

8888 

5.080.A88 

4286 

5.181.985 

8149 

10.227JKI6 

1892 

3536 

5.258.418 

s 

4507 

5.281.728 

8048 

10.485.188 

» 

1893 

1 

Comparing  the  tonnage  of  1877  when  the  North  Sea  Canal  was  first 
opened  with  thfti  of  1893  it  is  seen  that  the  number  of  Teasels  passing 
thToagh  it  has  increaBed  180  %  and  the  tonnago  170  */«. 

The  number  of  ships  whitdi  oateied  tiie  port  of  AmstexdAin  figures  thus: 


itt  isn 
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*)  Prom  1877  to  1887  the  totals  are  iqiproxiinate. 


Digitized  by  Google 


4 


It  will  be  Heen  that  whilst  the  riMiiil'i  r  of  veBSf'ls  entering  the  port 
of  Amsterdam  since  1S77  has  varied  little,  the  tonnage  haa  increa* 
•ed  86  % 

The  acoeas  from  the  Zuidenee  by  way  of  the  Orangelooka  at  Schal> 
lingwoude  is  destined  for  the  use  of  craft  viaiting  the  north  eastern 
ports  of  Holland,  and  ia  therefore  mainly  givon  up  to  the  Znidentee 

coasting  trade. 

The  sill  of  the  Orange-locks  is  at  a  depth  of  4.50  m.  ^  AP.  s{>  that 
with  a  level  of  0.50  m.  -r  AP.  vessels  may  draw  4  metres  (13  ft.)  of  water. 
A  very  large  total  tonnage  passes  through  these  locks:  Thus  in  18d2t 
25  seagoing  veesels  (barques,  brigs  and  schoonen);  12157  steamers, 
28729  inland  sailing  craft,  and  53141  aloopa  and  fishing  faoais,  making  a 
total  of  94052  crnfl  of  various  build. 

By  the  North-Holland  Canal,  now  used  mainly  for  inland  traffic,  the 
Rhino  Canal,  the  Amstel,  and  variouB  other  canals  and  waterways, 
Amsterdam  now  posscstjes  abundant  and  excellent  means  of  com- 
munication with  the  Rhine  and  inland  provinces.  In  1892  there 
arrived  m  the  port  of  Amsterdam  88.788  inland,  river  and  canal 
craft,  with  a  total  tonnage  of  2.777.618  cubic  metres. 

By  the  dedarationa  made  at  Lobith  of  airivals  ttom  and  dqwrtarea 
for  Amsterdam  we  can  see  the  augmentation  of  traffic  with  the 
Rhine  district  The  fignrec  are  for  the  year  1883  a  total  tonnage  of 
149.000  cub.  metres  and  for  1893  —  197.000  cub.  metres  giving  an  increase 
of  24  o/o. 

The  i>ort  of  Amstardam  ia  also  advantageoosly  connected  with, the 
Snropean  railway  qrstems.  It  is  connected  to  £iiMi>  by  way  of  Hilvenmn, 
Zutphen  and  Wintemwijk;  with  a  branch  from  Zxktpkaeo.  by  Hengelo  to 
Salsbevgen  and  another  branch  from  Uengelo  through  Ensched^  to  Gronau. 
Cologne  is  reached  through  Utrecht,  Arnheim  and  Emmerick  and  also 
by  way  of  Utret  ht,  Boxtel,  Venloo,  Wescl  and  Gladbach ;  Cleve 
through  Amersfoort,  Kesteren  and  Nim^gnc.  There  is  a  line  running 
through  Haarlem,  Rotterdam,  and  Roosendaa.1  to  Antwerp.  By  Utrecht, 
Bois-le-Duc  and  Tilbourg  to  Tumhout;  also  by  Utiechti  Bds-le-Dnc,^ 
Eindhoven  to  liege;  and  tiirough  Zaandam,  Enkhuisen,  Stavofm, Leeuwar- 
den  and  GioningeiL  to  North  Qennany.  North  Germany  ia  also  reached 
by  Amersfoort,  ZwoUe  and  Groningen. 

After  this  general  view  of  the  numerous  channels  of  communication 
which  unite  Amsterdam  with  the  continent  generally,  we  will  review 
the  work  and  organisation  of  the  port  Am.sterilam  itself,  and  later  the 
commercial  resources  and  the  advantages  it  otters. 
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A.  Doeltt. 

Die  port  posBeesn  docks  whese  m»ehaiit-«hipB  and  trading  vessels, 
moored  to  bollaida  and  buoys  ean  txanahip  their  oaigoes  into  inland 
canal  and  river  craft. 

(o)  The  Diked-in-Y  {BaTiked-off  Dock):  The  best  berthing  and  dischar- 
ging part  of  this  dock  lies  between  the  Handelskade  (commer- 
cial qttty)  and  the  embankmoit  mnning  parallel  to  it  at  a  distance  of 
StSO  metres.  This  quay  is  in  direct  commnmcation  with  the  North  sea 
canal,  whUst  ereft  from  the  Rhineprovinces  can  readi  it  by  the  Rhin^ 
canal  and  oilier  river  boats  from  and  by  the  numerons  other  canals 
and  waterways  which  open  into  this  dock.  The  dock  has  a  superficial 
areu  ot  abont  13  hectares  ('^2  acres),  and  a  depth  of  8.20  in.  ~~  A  P. 
(2(i  ft.),  so  that  at  a  level  of  0.50  m.  -r  AP.,  vessels  drawing  7.50  m. 
(22V2  ft.)  may  still  enter  and  berth  in  it. 

The  embankment  above  referred  to  was  constructed  in  1890,  and  with 
the  mooring  buoys  cost  480000  florins.  Its  oljeet  was  to  preT«it  the  filming 
of  waves  dnring  violent  north  winds,  and  to  secare  permanently 
smooth  water  in  the  bcAn.  It  iinma  the  first  portion  of  a  new  Gommar- 
dal  Quay  as  indicated  by  the  dotted  lines  on  ihe  plan,  and  will  be 
completed  when  required  by  increased  needs  of  accomodation  for  mei^ 
chant  shipfi. 

Ships  are  moored  to  bollards  fixed  in  the  cmbankmentn  and  to  floating 
buoys  anchored  to  screw-moorings.  In  this  basin  24  sea  going  nhip-s  cjin 
be  moored.  A  buoy  with  chain  and  screw  mooring  costs  l-KK)  ilorins.  In 
deep  water  or  bad  bottoms  as  here,  bollards  (or  piles),  wicb  cost  1600 
florins  are  not  to  be  recommended. 

(h)  The  East  Dock  :  This  dock  has  an  area  of  15  hectaret<  (3(5  ucres),  a 
depth  of  6.50  m.  (about  21  ft.).  It  couMnunicatee  with  the  Diked-in-Y 
by  two  locks  15.4  metres  and  9  metres  wide  with  the  sills  at  6.25  metres 
and  6  metres  4<  AP.  respectively.  Above  these  locks  which  are  generally 
left  open,  there  are  two  swing  bridges,  one  for  the  road  and  the  othw 
for  the  railway.  This  latter  is  geneislly  reqnircd  to  be  kept  closed  for 
railway  traffic  and  this  oft^n  stops  ships  and  loses  time  for  such  as 
stil  favour  this  old  dock.  Plans  are  in  preparation  for  a  deviation  of  the 
line  of  railway  for  the  purpose  of  correcting  this. 

In  this  dock  81  vessels  can  be  accomodated.  It  in  mainly  u«cd  by 
sea  going  vebi^els  whose  cargoes  are  to  be  wareiiouf^ed  in  the  east  end  of 
the  town,  and  by  those  transhipping  merchandise  on  to  the  Rhine  boats. 
The  dock  commnmcates  with  ^e  government  Marine  Dock,  with  the 
new  canal  (and  throni^  this  with  the  Rhine  canal)  with  the  bdlding 
yards  and  Ihctories  along  the  Kattenberg  and  Wittenbeig  cats,  and  by 
the  Oude  Schans  and  the  Heerengracht  with  the  central  part  of  the  town. 

On  the  north  side  there  is  a  40  ton  masting  shear. 
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(e.)  The  Wmt  Doeh.  —  This  baain,  also  old,  faas  on  its  west  aide 

building  yards,  work  shops  and  warehouses.  Its  area  is  about  12  hec- 
tares (30  acres)  and  its  depth  5,60  m.  (17>/2  ft.)-  By  the  Weatdock-locks, 
13.84  and  7.8.5  motrea  wide  nnd  .').90  :ind  3.82  m.  deep  respe<;tively,  it 
communicates  with  the  ,,l)iked-in-Y",  whilst  by  the  Princes  Canal,  the 
Zoutkeets^racht  and  the  West  ('anal,  the  numerous  warehouses  in  that 
neighbourhood  are  to  be  reached  and  also  the  inland  waterways. 

Above  these  locks  usoally  open  are  two  swing-bridges  for  the  cart  traffic 
and  the  lailway  respectively.  This  latter  railway  serves  ezclvsivdy  for 
goodstrafiic  to  and  from  the  West  dock  and  wharfe.  It  offers  oonse- 
qnenty  leas  obstade  to  shipping  than  does  the  railwaybridge  over  the 
Bast  dock  locks.  The  navigation  of  the  presmt  day  however  demands 
docks  accessible  at  any  time. 

For  this  reason  the  ermstruction  of  the  open  basins  a  and  d  whose 
area  exceedp  that  nf  the  East  and  Went  docks  was  innisted  upon. 

The  Went  dock  oflers  f^pace  for  15  merchant  fhips,  and  is  niainlv  use<l 
for  euibarcatious  loading  or  discharging  for  the  depots  and  warehi»u&es 
in  the  West  part  ci  the  city 

(d.)  Outer  port  of  (he  TMer  Dock,  —  Oonstnicted  at  the  same  time 
as  the  Timber  dock  1876— '83,  it  measure;^  ISVj  hectarep  (37  aoree)  and 
has  7.50  metres  and  partly  8.20  m.  (26'/2  feet)  depth  of  water.  It  is  9epa> 
rated  from  the  .,Diked-in-Y''  by  an  earthen  embankment  jtnd  from  the 
timber  lia?in  proper  by  a  wooden  ])ier  or  paiing.  A  tiO  metre  opening 
in  the  earthen  embankment  jrives  access  (o  the  „r>iked-in-Y",  whilst  the 
iidand  canal  and  river  system  is  accessible  through  the  West  Canal 
which  ifl  3  metres  (10  ft)  deep. 

Sixteen  aea-going  veesels  of  largest  size  can  here  moor  to  the  bollards 
to  tranship  cargo  into  the  smaller  rivw  craft. 

Before  concluding  this  part  of  my  rqiort,  I  would  express  my  opinion 
that,  in  projecting  a  basin  for  sea-going  vessels  the  following  conditions 
should  as  far  as  possible  be  fulfilled: 

The  entrance  1o  my]  haem  or  dock  intended  far  eea  going  thip$ 
ekauH  eotn«td0  i0t(&  <Ae  dmcHon  of  the  eharnid  of  c^^pnaeh,  and  be 
iMio6tCrti0ted  by  tocka  or  bridges. 

Biver  craft  mml  be  able  to  come  alongside  the  larger 9ea  craft.  There 
miMi  therefore  be  a  good  clear  channel  of  opproocA  /br  <A«  Jorwur^  of 

a  minimnm  depth  of  3  metreii  (9^,'^  fl.). 

There  mmt  be  srfwoth  renter  in  the  ehannel  and  basin  at  nil  times 
so  tliat  even  in  mndy  weather  loading  and  unloading  mag  atil  go  on 
uninterruptedly. 
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(a.)  Oottd^ke  Bandekkade  (EauA  Commereial  Quay).  —  Amongst 
the  quays  for  loading  and  unloadiiig  caig^  Ihe  Bast  quay  must  be  put 
fint  and  hnmoeL  Constracted  by  the  town  at  a  ooot  of  more  than 

8.875.000  fl.  (£  281.250),  its  length  is  about  2000  m.  (2187  yards) 
and  width  59  metres  (64  yards)  except  at  the  west  end,  where  for  a 
length  of  85  metres  it  has  a  width  of  110  metres  (nearly  120  yards). 

For  sea  going  ships  the  mooring  in  to  the  north  of  it  where  the 
„Diked-in-Y"  has  a  depth  of  8.20  m.  (26  ft.)  -:-  AR,  so  that  at  a  level 
of  0.50  m.  -r  AP.  there  is  a  depth  of  water  of  7.70  m.  (25  ft  nearly). 
For  1200  metres  on  the  south  nde  the  quay  is  bordered  by  an  inner  or 
inland  port  or  basin,  for  Inland  craft  as  implied  by  the  name.  This  port 
has  an  average  width  of  52  metres  (66  yards),  and  a  depth  of  3  metres 
(ft.  9.9  in).  As  well  on  the  north  as  on  the  flovith  side  quay  Avails 
have  been  build.  The  top  level  of  the  quay  wall«  :ind  pmbiinkments  ia 
of  1.50  metres  -f  AP.  or  of  2  rnetres  (6  ft.  fi)  above  ordinary  wat*:^  level 
a  height  which  was  judged  convenient  for  both  seii  and  inland  craft. 

On  the  quay  there  are  laid  five,  and  for  a  distance  six  pairs  of  rails 
with  oonneeting  points  and  torn  tables.  These  branch  lines  are  oonneo- 
ted  with  the  adjoining  railway  goods-station. 

The  quay  space  is  suitably  apportioned  as  follows: 

On  the  Nord  side  on  a  band  or  width  of  6  metres  are  laid  one  line  of 
rails  with  overhead  travelling  cranes.  Next  a  2o  nietroR  are  occupied  l)y 
warehoiise.s  and  pheds.  The  remaining  28  metre.s  of  width  is  taken  up 
by  a  siding  along  the  South  aide  of  the  sheds  and  warehouses, 
by  a  road  for  ordinary  traffic,  three  lines  of  shunting  rails  and  a  pair  of 
rails  carrying  the  pedestal  cranes  along  the  inland  port 

Bzperienoe  has  demmistrated  the  need  for  two  lines  of  rail  tAxmg  the 
norih  front  side  of  the  quay  for  the  use  of  the  transit  trade.  This  was 
fofeeeen  when  constructing  the  three  sheds  on  the  east  side  of  the 
quay  in  1891  at  public  cost.  It  is  true  that  the  distance  from  sbipphoM 
t<)  warehouse  and  shed  is  thereby  increased  but  to  compensate  for  this, 
greater  reach  was  given  to  the  cranes. 

On  the  west  side  of  the  quay,  at  a  cost  of  235,000  florins,  the  town 
has  boild  a  genial  public  stmotore  in  whidi  are  loeated:  tiie  pilot 
office,  telegraph  and  post  offices,  a  branch  of  the  Eoyal  Nethaland 
Meteorological  Society,  the  custom  house  offices,  and  a  police  station. 
Thus  are'  bronght  together  tiie  various  necessary  administrative  offices. 

The  quay  is  excellently  provided  with  machines  and  appliances, 
moved  by  hydraulic  power  at  50  atmospheres.  On  the  west  aide  of 
the  quay  there  are  one  30  ton  crane,  along  the  north  quaywall  23 
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overhead  tzaveiUing  cranes,  each  Ufdng  SO  ewt}  one  onne  witii  a 
lifting  power  of  3  and  another  of  6  tons. 

Along  the  pouth  quay  wall  ihow  are  2  movable  pedwtal  cranes  to  lift  30 
cwt;  six  capstans  of  20  cwtpower  and  8  movable  jigcjer  hoists  also 
lifting  a  ton  each.  These  travelling  jiggers  may  be  used  inside  or,  outside 
the  warehouses. 

The  engine  houses  are  at  the  eastend  of  the  innerport,  and  contain 
two  compound  horizontal  engines  each  of  90  effective  hone  power,  and 
there  is  farther  ^Mioe  fox  two  more  similar  engines. 

The  ateam  is  supplied  by  six  gen«ratorB  whilst  three  aocvmiilataKB 
keep  the  water  at  a  50  atmosphere  pressure.  The  water  which  is  for(^ 
into  the  system  of  tubes  returns  to  the  boiU  rhouse ;  hence  even  during 
the  exof^pfsively  severe  frosts  of  the  winter  of  1891  work  proceeded  as  usual 
and  witiiovit  interruptioa.  The  cost  of  this  plant  amounted  to  about 
570.000  fl.  (£  47,*300). 

Its  working  results  are  figured  &b  follows : 
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The  earnings  of  the  hydraulic  plant  increase  yearly  thus : 
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The  tariff  for  the  use  of  the  hydraulic  machines  is  fixed  as  followr: 

A.  For  the  iiO  ton  shear. 

P.  For  tjhipplug  or  unshipping  uiar-t«*: 

(a)  with  a  circumference  up  tu  15  decimetres  (5S  in),  at  the  rat« 
of  fl  0.40  per  decimetre ; 
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(h)  For  ttioee  of  larger  ciiettmfbnnee.  an  additboal  0.0&  fl.  p«r  deci- 
metre; 

(c)  with  yards  and  shrouds      of  the  above  chaigee* 
2^.  For  ih»  manipulation  of  objects  other  than  tiioee  above  mentioned 
under  no.  1®.  as  follows: 


For  Oljeott  weighing, 

Vraui  ifioi  to  nooo  K^.,  per  IMO  Kg. 

•  0001  .  10000  .     .     «  « 

•  lOOOl  .  18000  «... 

-     I  Vml  .  aoooo  .      .      ,  . 

•  -jooui  •  muo  .... 


Loodlig  or  inloading. 


Transhippiag. 


n.  0.7B 
■  I.1B 
«  MO 

•  v» 


71.  MS 
»  LIB 

< 

.  3.UU 

•  SyOft 


3*.  Per  day  the  charge  in  30  guilders. 

When  a  piece  lifted  is  required  to  remain  suspended  in  tlie  air  for  a 
time,  in  addition  to  the  charges  under  1^  and  2".  there  is  made  an 
additional  charge,  thus: 


Vp  to    fiOOO  KiloK 

5O01       .  to  10000  Kg. 

10001     •  .  uooo  • 

10001  .  MOO  • 

aiwoi    .  -  jM«»»  . 

asooi      .  •  .tllOllO  . 


5  guilders. 
M  • 


40 


The  minimum  chaige  made  for  use  of  the  shear  is  5  guilders. 
B.  For  the  travelling  cranee  and  the  jiggerhoists  the  charges  are: 


For  Me  Qf  m  tnvelUiig  eraae 
•     .    *  «       «  Ik 


IjOO  fl.  per  liO'iir. 

SjOO*  •  lialfdsT. 

0.  70  -  -  li..ur, 

1.  UU  .  .    twlf  d«jr. 


The  maximum  charges  for  the  whole  or  part  of  a  day  are : 

For  •  trmellins  ocmm     ......  M  fnlUtan. 

•  « ilM«r  botot  W     ■  ^ 

For  the  use  oi  machines  on  Sundays,  or  out  of  ordinary  working  hours 
(except  from  12  to  1  'oc.),  the  charges  are  fixed  as  follows : 

For  Um  aa«  of  tiw  90  ton  wbmr  Ut  addition  to  Ui«  raai  noined  aader  ▲  .  &0i>  golldora  iier  hoar 

For  •  tnmlllBg  «niii«i  In  aMlUon  to  Uio  durgw  OMDond  soder  B     .     .     .  MO     «       p  * 
*  *  Jlnor  ImM  «  •       •         P         mm...  uoo*  •       ■  • 

At  the  westend  of  the  Commercial  Quay  (Handelshade)  the  town 
has  placed  an  SO  ton  steam  crane  with  a  reach  of  10.60  m.  The  crane 
is  dose  to  the  railway  so  that  trucks  can  be  brought  within  its  reach. 

The  tarif  for  the  use  of  this  crane  and  of  the  one  in  the  fiastdock  al- 
ready referred  to  under  ft,  A,  is  fixed  as  follows: 
P.  For  5(hipping  or  unshipping  masts  the  same  charge  is  made  as  for 

the  60  tun  hydr.  crane. 

i.  A.  Sl'Ut'UKMAN.  \* 

f 
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2".  For  the  mauipulation  of  pieces  other  than  those  mentioned  under 
!«.,  during  not  more  than  24  consecutive  boms 


np  to  i(Mx»  Xf.  pw  im  ig,  ......  100  onu. 

From  10000  to  aoooo   Mo 

•  aoooo  .  3000O  «»••  ......Wn 

•  aoooo    4am  ••••  

•  MOW  ■  OOOOO  •'•*«  ......to* 

Bsfosd  MMMO  «     •     >•  IB* 

For  pieces  weighing  from  10000  Kg.  upwards,  also: 

fram  10000  to  10000  Kf.  per  1000  Kg.  IM  goUdm* 

«      IMMW  «  90000  UB  » 

^iOOOO  •  2fi000  .      «      .  tJW  • 

.    asooo  «  aoouu  •    >  110  • 

«     nOOO  «  40009  >«■«..,...  MB  * 

40000  •  fiOOOO  „      .      .   3.30  . 

.      SOOQO  >  60000  •   XTS  * 

«     40000  ■  OOOOO  ■■     •'««,  43S  • 


For  iipf  of  tho  80  ton  frane,  in  addition  to  the  above  rates,  5  florins 
for  the  first  hour  and  2  fl.  for  each  following  hour  is  charged. 

The  Holland  Railway  Company  (who  rent  for  1400  fl.  and  work,  the 
xailway  on  die  Handdskad^)  ham  fixed  at  the  east  end  of  the 
quai  a  coal  tip  and  shoot  for  loading  coal  into  sea  going  vessels.  lie  ^ 
lifting  power  of  20000  kilo  (20  tons)  is  supplied  hy  the  townowned 
hydranlic  machinery  at  a  charge  to  the  company  of  0.50  fl.  per  cub. 
metre.  During  1892,  2'i59  waggons  of  coal  and  ooke  were  dealt  with. 
Table  and  tmck  are  both  lifted  together. 

Beginning  from  the  west  end,  on  the  quay  are  the  following  trade 
properties: 

I**.  A  space  of  ground  belonging  to  the  Nethetland  Steamship  oompany, 
measuring  10425  sq.  m.  and  used  by  the  company  for  the  necessities  of 
th«r  fortnightiy  swvice  of  mail  boats  between  Holland  and  the  Dutch 
East  Indian  Colonies.  A  stone  built  storied  shed  of  1500  sq.  m.  used  by 

ships  receiving  cargo ;  a  building  used  as  offices ;  and  a  ptonf  built  shed 
put  up  by  the  town  for  incoming  cargo;  this  shed  cost  1<X),(KW  fl.  and 
measures  28(>0  f»q,  metre.  It  is  let  to  the  company  for  30  years  at 
5783  fl.  per  year.  At  the  expiration  of  this  leave  it  becomes  the  com- 
pany's property.  As  a  rent  for  the  plot  of  ground  the  town  receives  from 
the  company  2.50  fl.  pw  metre  per  year. 

2«.  The  7644  sq.  metre  space  occupied  by  theiixmofScHBUBRBBOTHBSS, 
and  by  the  Blanwhoedenveem.  On  his  plot  there  is  a  wareiiouse  with 
cellar,  ground  floor  and  firom  8  to  5  upper  floors  of  together  8800  sq.  metree. 
The  west  end  portion  measuring  025  m.  is  used  for  the  Schkubr's 
Hull'line  of  steamers  sailing  every  three  days,  whilst  the  east  end  is 
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rented  and  ooen[ned  by  the  Bkuwhoedenveem  ooipmation  for  waie- 
hmuing.  For  the  ground  space  the  town  reoeivee  2.50  fi.  par  eq.  m. 

per  year 

To  load  goods  from  the  warehouse  into  river  boats  moored  in  the 
inner  basin  along  the  sonth  side  of  the  quay  two  covered  wooden  gang- 
ways have  been  run  out  so  that  communication  along  the  quay  is 
unobstructed. 

3®.  A  ground  space  of  869  sq.  m.  rented  from  the  town  and  occupied 
by  the  Company  which  works  the  state  railways ;  2^  fl.  p,  aq.  m.  per 
year  is  paid  as  rent  for  space  occupied. 

4<>.  The  plot  of  6950  sq.  m.  let  also  at  2.60  fl.  per  sq.  m.  per  year  to 
the  Holland  Steamship  Oon^paiiy  who  in  connection  with  the  (General 
Steam  N;'vie;ation  Company  work  the  „Amsterdam — London"-line  of 
SteamerB  running  i>n  iilternate  days.  For  the  convenience  of  this  trade 
the  Company  hnf  hmii  two  aheds  with  250(„)  ^<\.  m.  of  lliX)rage. 

5"^.  To  the  lilainvhoedenveem  corporation  a  Hecond  plot  of  3475  aq.  m. 
at  2.50  fl.  per  sq.  m  per  year  is  let  On  it  stands  a  warehoose  with 
cellaring,  ground  floor  and  four  stories  having  13,200  sq.  m.  of  flooring. 
As  in  n«.  2<>  two  covered  gangways  connect  warehouse  and  inner  basin. 

6".  The  8475  aq.  m.  plot  rented  by  the  Vriesseveem  corporation,  also  at 
2.50  fl.  per  sq.  ra.  per  year,  has  on  it  a  cellared  warehouse  also  with 
ground  flour  and  three  stones  totaling  11000  sq.  tn.  of  flewr.  Here  again 
there  are  2  connecting  covered  gangways  between  warehouse  and  inland 
basin. 

7".  Three  sheds  which  for  their  construction  in  1891  cost  the  town 
150.000  florins  have  an  area  of  5100  sq.  m.  The  yard  partltbned  off' 
for  warehousing  is  7500  sq  m.  The  sheds  and  ground  space  pertaining 

thereto  are  let  by  the  town  to  various  independent  regular  lines.  In  the 
shed  farthest  east  the  Dutch  Soutii-African-Railway  Company  take  at  3  fl. 
per  sq.  m.  per  year,  1()(X)  nq.  m.  for  the  British  roloninl  fteatn  Navi- 
gation Company  whose  tjhips  l)\  an  arrauf^oment  with  the  first  named 
company  run  between  Amsterdam  and  rfuuth  Africa. 

8*.  On  the  east  side  of  the  last  mentioned  structure  during  1894  the 
town  is  to  erect  a  shed  covering  3000  Km.  for  the  use  of  the  Ocean- 
Company,  now  using  a  part  of  the  sheds  m«Ditbned  under  7°.  For  this  the 
quay  wall  along  the  Commercial  Quay  must  be  extended  95  m.  The 
cost  of  the  whole  is  estimated  at  158.000  fl(NEitts.  The  shed  and  adjoining 
space  covering  4750  sq.  m.  are  let  to  the  company  at  an  annual  rent 
of  14.600  florins. 

The  quay  is  lighted  l)y  gae.  ]\Iost  of  the  Companies  having  buildings 
on  the  quay  light  them  by  electrieity. 

The  lifts  and  other  mginea  and  appliances  inside  tihe  watehouaee  are 
driven  by  town-supplied  hydraulic  power  at  OJO  fl.  per  cubic  mdtre. 

For  tiie  contingent  prolongation  of  the  quay  f<»r  sea-going  veasds  a 
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project,  which  is  indicated  by  dotted  lines  on  the  plan,  has  been  formed 
The  quays  shevrn  will  have  berthing  places  off  each  side  and  are  to  be 
107  m.  wide.  Thk  width  will  be  apportioned  on  each  aide  of  the  centre 
line  in  this  manner.  Next  to  the  dock  a  9  m.  width  for  two  eets  of 
raUfl  and  an  overhead  crane,  then  a  26  m.  width  fcnr  warehonaes  and 
sheds  with  platforms  of  2  meters  and  1  metre  wide  and  finally  a  width 
of  18.5  in.  on  each  side  of  the  centre  line  or  together  37  m.,  for  ordi- 
nary and  railway  traffic, 
{h)  Rfiihmy  Dock. 

Constructed  by  Governmeat  ia  the  liietlanden  in  1874  it  has  a  lenfrth 
of  747  ni.,  a  width  of  100  m.  and  a  depth  of  7.50  ra.  A  P.  It  is 
used  by  ships  putting  oat  bulk  cargoes  sach  as  minerals  or  taking  in 
coal.  Dock  walls  were  bnilt  on  each  side  and  thb  encloeed  quay  space  is 
2.96  m.  +  AP.  On  the  quay  are  laid  a  considerable  number  of  ridings 
which  are  in  communication  with  the  Riettanden  railway  i^ystem  for 
manipulating  traffic 

The  rails  on  the  north  quay  arc  worked  by  the  „Holland  Railway 
Company" :  those  on  the  south  side  by  the  Company  whirli  farms  the 
t^tate  railways.  River  craft  can  reach  this  do<  k  by  the  Diked-in-Y 
or  by  the  new  canal  and  the  East  Canal,  whilst  the  entrance  of  the 
Rhine  Canal  is  close  to.  leading  and  unloading  of  ships  is  accom- 
plidied  by  means  of  steamcranes  worked  by  the  railway  companies  who 
own  fhem. 

(e)  iiuau  of  the  „I^eime  VaarV^  (New  Canal).  The  New  Canal  dock 
900  m.  long,  6.5  m.  wide  and  6.50  m.  A.P.  deep  is  used  on  the  north, 
and  on  part  of  the  smith  side  for  mooring  sea  going  ships  of  small 

draught. 

On  the  wt  Ht  end  of  the  north  quay,  ^04  in.  long,  the  town  hajj  con- 
structed a  ?tac;infi'  which,  with  a  portion  of  quay  space  together  1S.60  ra. 
wide,  and  thus  a  superficial  space  of  5654  sq.  m.,  ia  let  to  the  Royal 
Netherland  Steamship  Company  for  a  sum  of  9620  florins  per  year.  This 
company  has  23  North  Sea.  Baltic  und  Mediterranean  tiadeza  and  on 
the  space  above  mentioned  has  constructed  an  open  shed  and  a  dosed 
one  with  the  requisite  cranes. 

The  226  metre  length  of  north  quay  farther  east  and  adjoining  the 
portion  mentioned  above,  measuring  3810  sq.  metres  (for  190  metres  its 
width  is  18.(KJ  m.,  and  for  36.37  metres  it  ip  only  7.60  m.  wide) 
is  let  for  ()t80  florins  annualy,  to  the  Holland  Railway  Company. 
Tiiis  company  owns  the  remaining  eaat  end  of  the  quay,  270  metres 
long  and  reaching  to  the  ^Dageraadsbrug"  (^Aurora"  or  Daybreak-Bridge) 
adjoining  the  Company's  railway  goods  station.  This  station  includes 
two  inland  docks  giving  the  greatest  focilities  for  the  loading  into 
truck  or  ship  of  incoming  or  outgoing  cargo.  For  loading  and  unloading 
into  river  craft  especially  the  company  has  laid  down  hydraulic  plant 
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sad  built  ibeds  on  Hiis  quay.  The  plant  named  oonsietB  of  a  20000  Kg. 
(21  tons)  stationary  cmne,  eight  fixed  2000  Kg.  (2  tons)  cranes,  two 
craoee  eqoaly  siationary,  lifting  respeetivdy  350  and  750  Kg.,  and  a 

movable  one  lifting  500  Kg. ;  —  also  a  coal-loading  lift  and  two  capstans. 

The  east  part  of  the  southern  bank  of  this  basin  is  used  as  a  ^Mde 
gtetion  by  the  Ie?*see«i  of  the  State  railwa^•P.  who  to  amplify  their  avai- 
labl'-  ami  self  owned  space  rent  from  the  town  12  ares  (I'/j  acres  +) 
at  a  rentat  of  4-50  Horiiid  a  year.  On  it  the  company  have  constructed 
a  staging  and  there  can  load  and  unload  by  means  of  their  own  steam 
cranes  and  winches.  As  a  goods  station  and  as  a  mooring  basin  for  sea- 
going ships  of  small  draught  of  water  this  dock  and  quay  space  is  of 
very  great  value  to  the  important  Royal  Netherland  Steam  Navigation 
Company.  For  iMger  merchantmen  it  is  not  suited.  Moreover  the  railway 
bridge  over  the  East  dock  looks  and  the  Kattenburg  bridge  do 
interfere  with  its  accessability. 

The  quays  have  excellent  communication  with  the  railway  system. 
The  lines  on  ihc  north  side  are  worktxi  by  the  Holland  Railway  C". 
who,  as  rent  pay  to  the  town  1.40  fl.  per  metre  lengbt  of  line  laid  on 
ground  not  their  own  or  which  is  let  to  them.  The  lines  on  the  south 
side  are  let  to  the  lessees  cl  the  Btate  railways. 

The  writer  of  this  report  is  of  opinion  liiat  a  quay  for  the  loading 
and  unloading  of  lai|;e  8ea  going  vessels,  soch  as  now  built^  should  fulfill 
these  conditions: 

Jl  should  have  a  mdth  of  70  msfrst  if  it  be  intended  to  barth  tMps  along 
one  aide  onhj,  and  of  100  mefre$  when  berthing  in  to  be  done  on  hotk  sides. 

//  shnufd  hr  in  rjnod  cnmmunication  with  the  Rnilicn)/  system. 
J I  should  be  accessible  to  river  boats  requiring  to  use  the  cranes  and  li{t» 
on  the  quay. 

For  a  quay  intended  specially  and  mainly  to  pnt  river  ejnbnreations 
in  communiuation  with  the  railways  a  width  of  20  metres  is  sufficient. 

(C.)  LandlH  Btiflm  and  Jstltos. 

(a.)  Th$  Large  Commereud  JeUtu  {Sua  Pier*). 

At  the  West  Dock  Quay  (also  called  the  West  Commercial  Quay)  the 
town  has  constructed  two  deal-timber  jetties,  approachable  by  the  largest 
draughted  sea  iroing  vessel?'  the  North  Sea  Canal  ran  aecf^iuodate  or  is 
accessible  to.  The  rost  was  alx.vit  ]87i'<i<)  florins  making  So  fl.  per  sti- 
metre.  They  are  let  for  4200  H.  a  year  to  the  lessees  of  the  State  rail- 
ways, who  also  worit  the  West  Dock  Quay  railways. 

Bach  jetty  is  120  metres  long  and  00  metres  wide^  and  has  its  platform 
at  a  level  of  2.50  m.  +  A.P.  From  one  to  the  other  is  75  metres. 
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As  agfunst  the  qnajTB  these  jetties  have  the  advaiitage  of  aooomo> 
dating  a  greater  nmnber  of  dtips.  Fxom  oentte  to  centre  of  tliese  two 

stages  is  135  metres.  Two  sea-boats  can  bertti  there,  with  stem  quay* 
wards  whilst  with  the  same  qnay  length  only  one  vessel  coold  be  moored 

again?!  the  quay. 

Aa  18  here  the  eaae  similar  jetties  should  be  acce^Hible  t<j  the  railway. 
Turn-tables  as  here  used  for  running  the  truciid  upon  the  stage  but 
offer  this  doable  inconvenienoe  that  more  time  is  consumed,  and 
that  the  torn-tables  are  an  obstade  to  tiie  or^Unary  quay  traffic.  VThexe 
the  situatioQ  and  available  space  allow  of  it,  it  is  preferable  to  give  a 
curve  to  the  lines  of  rail  and  ran  sheer  on  to  the  stage  or  jetfy. 

River  boats  may  reach  the  stages  by  the  Diked-in-Y. 

One  of  the  jettie«»  i«'  u?ed  by  the  Xt  therland-America  Steam  Navigation 
Company,  running  alternately  from  Amsterdam  and  Rotterdam.  The  Com- 
pany has  put  up  sheds  and  steam  hoisting  apparatus.  The  other  stage 
is  used  by  the  German  East  AMcan  Unc  running  from  Hamburg  and 
calling  at  Amstefdant, 

(6.)  CaUU  Landing  Jetty. 

The  stage  used  for  landing  cattle  costs  the  town  about  19^300  liorins, 
and  is  10^1  metres  long  and  10  metres  broad.  It  has  an  inclined  plat- 
form, sloping  from  2.-'>0  m.  in  the  middle  down  to  1  metre  in  order  to 
fiicilitate  loading  and  unloading  at  difl'ereut  levels.  The  nectissary  cattle 
sheds  are  constructed  dose  at  hand. 

On  the  north  side  of  the  three  islands  called  „Stationseilandon"  are 
17  wo<iden  jetties,  constructed  conjointly  by  the  State  and  tlic  town.  All 
with  the  exception  of  two  are  intended  for  the  ttfp  of  steaming  and  other 
inland  emft.  The  inland  steamers  nerving  Groningen.  Hoorn,  Alkmaar, 
Yinuiden,  Purmereud,  Nieuwetiiep,  Monnikendam,  ZwoUe,  liarlingeu, 
Meppel  and  Arnhem  regolarly,  have  their  mooring  places  there. 

The  jetlies  for  the  inland  steaming  and  other  cnft  are  from  26  to  40 
metzes  long  and  5  metres  wide,  and  afford  mooring  on  both  sides.  Their 
cost  was  about  90  florins  per  metre.  No  hoists  are  is  provided  on 
them  for  loading  or  unloading  purposes;  the  craft  n'^e  •^nch  tackle  as  they 
possess  on  board.  These  wooden  jetties  have  no  railway  communication. 
But  they  are,  by  those  interested,  greatly  appreciated  on  account  of  their 
convenient  situation  and  easy  accessability. 

On  the  east  side  there  is  a  landing  stage  or  jetty  which  Is  let  to  the 
Royal  West  Indian  Packet  Ckimpany  for  2950  florins;  this  Company  has 
a  service  of  boats  ranning  every  three  weeks  to  the  Dutdi  West  Indian 
Colonies  and  New  York.  The  jetty  here  in  question  is  70  metres  long 
and  25  jnetres  broadj  and  has  a  shed  erected  on  ii  Loading  and  unloa- 
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ding  ifl  AooompliBhed  by  ttie  ship^a  own  hoisting  apparatns.  There  is  no 
railway  connection  and  tiiis  is  found  inconvenient. 

To  the  east  of  the  last  one  there  is  another  jetty  need  by  a  service  of 
vessels  running  weekly  to  Lieith  and  other  Scotch  ports. 

((i.)  J4tUUf  Quayt  fmd  J^ana  In  ^trmt  parti  of  Ihi  town  for 
/nlotici  ero^.' 

Fronting  the  opm  port*  along  the  Damrak  and  othw  canals  some 
jetties  have  been  constructed  for  the  use  of  river  crafi  inland,  hat  th(  s< 
are  similar  to  those  on  the  de  Ruyter  qoay  and  need  no  special 

description. 

These  jettitja  an  well  as  the  numerous  (\\my  walla  along  the  canals 
within  the  town,  arc  intended  for  river  boats  which  never  or  rarely  liave 
connection  with  sea  going  ships  or  with  the  railway,  but  simply  bring 
the  daily  supply  of  provisions  for  the  445000  inhabitants  of  the  town. 

Tliese  craft  have  no  particular  requirements  as  to  wharfage  and  depth 
of  water.  The  essential  is  that  these  are  oentrally  and  conveniently 
situated. 

„Wifh  regard  hi  jeliiea  intended  to  he  used  by  sea-going  vemtls  toe 
„icould  erprrs,'*  tlte  timh  to  see  them  mitahly  connected  mth  the  railtoay 
^alems  and  made  accessible  to  craft  using  lite  inland  watervjays.^' 

0.  Tlnber  (iHty. 

The  Timber  Ciuay,  built  by  the  town  in  1879—83,  at  a  cost  of  1  (iiX)O(X) 
florins  has  dor  kn  and  basins  measuring  about  73  hectares,  whilst  its 
warehouses  have  an  area  of  53  hectares. 

To  prevent  the  forming  of  waves  and  to  secure  still  water  this  quay 
has  been  shut  off  ftam  the  Y  by  an  earthen  dam. 

Beginning  on  the  south  side  this  harbour  has: 

1«  A  basin  for  rafts  of  about  14  hectares,  with  a  depth  of  2.5m.-^  AP., 

adjoining  the  nbnve  named  basin  Af  a,  and  divided  into  several 

parts  by  wooden  partitions. 
2°  On  the  South  West,  adjacent  to  this  basin  ami  commnnirating  with 

it  are  10  small  basius  each  135  m.  long,  20  m.  wide,  and  2.5  m.  -j. 

AP.  Between  these  bamns  are  slieds,  which  are  let  to  dealers  in 

sawn  timber. 

&  On  the  nortfa  side  of  the  basin  mentioned  in  1*  are  two  other  badns 

for  rafts,  one  of  about  5  hectares  and  another  of  about  9  hectates, 

the  depth  of  each  ]mn^  2.'0  m.  -  AP. 
4**  A  basin  for  sea-going  veskselH,  measuring  IH  hertares,  0.50  m,  --  Al'. 
and  another  basin  (called  „Minerva'^)  21  hectares  in  area  and  7.50 
m.  ^  AP. 

6*>  A  canal  deep  2.6  m.  -r  AP.  patting  these  last  named  banns  in  oom« 
mnmcation  with  the  basin  for  rafts. 
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On  the  west  side  of  the  ^Minwra"  basin  during  1891  the  town  ezeeoted 
different  works  costing  100,000  norms.  This  part  of  the  basin  has  been  put 
in  oonimunication  with  the  railway  system  and  is  intended  for  the  Rhine 
transit  trade.  The  work  referred  to  consists  of  the  construction  of:  3 
baHinf  each  75  by  30  ni.,  :uv\  3.5  m.  ~  AP.  a  depth  sufficiently  p^reat  for 
Rhine  boats;  2  sheds  together  cmnpriBing  an  area  of  o200  m.  for  ware- 
housing purposes,  or  if  need  be  for  handling  and  sorting  wood  in  transit; 
and  finally  4  sheds  of  1560  sq.  tn>  for  storing  wood.  This  work  is  simply 
a  trial  and  may,  if  found  requisite,  be  conriderably  extended  northwards. 

The  timber  quay  is,  as  fiu  as  is  requisiie,  in  communiotttion  with  the 
railway  system.  The  ground  work  for  the  connecting  line,  which  has 
ber*n  proloivu'fd  as  far  as  the  petroleum  basin,  wn?  constructed  and  laid 
by  the  town  for  90,000  florins.  The  Dutch  Railway  C°.  built  the 
railway  and  undertook  the  tunnapenient  and  workintr  of  the  line,  and  by 
way  of  a  rent  agreed  to  pay  1  iloriu  per  ten  ton  loaded  truck  run 
upon  it 

To  the  above  basins  access  is  afforded  to  sea-going  ships  by  an  opening 
of  30  m.  in  width  in  the  dam  which  separatee  the  timber  harbour  from  the 

Y.  The  smaller  vessels  for  inland  navigation  can  enter  the  port  by  the 
west  channel  or  from  the  Yside.  No  special  work;^  have  been  provided 
by  the  town  for  loading  or  unloading  wood,  as  the  nct  fl  for  them  has 
as  yet  not  been  felt.  Ocpaii  going  i*hips  having  cargoo;^  ol  wood  for  trans- 
shipment into  river  boat.-*,  or  which  are  putting  out  timber  for  further 
conveyance  in  rafts,  generally  prefer  mooring  to  the  bollards  in  the  two  large 
basins.  When  planks  and  deals  are  to  be  delivered  on  shore,  the  ship 
is  moored  alongside,  and  by  means  of  rollers  the  deals  are  pushed 
ashorp. 

Wood  is  imported  especially  from  Russia,  Sweden,  Norway,  the 
(Jprman  Baltic  pnrts  and  America.  Tlie  amount  brought  to  .\nistor- 
dani  was  in  1S9()  iTfiOOO  oub.ni.:  in  1891  177(i22  oub.m  ;  und  in  1.S92 
220887  cub.m.  The  number  of  liuiber-laden  ships  entering  Amsterdam 
port  was  in  1890,  1891  and  1892  respectively  282,  243  and  276. 

The  warehouses  on  the  timber  quay  are  let  at  about  0^  fl.  per 
square  metre  per  year.  Ten  hectares  more  or  less  are  thus  let  to  different 
timber  mercbanlB.  If  rc<|uired  by  them,  a  Certain  water  space  in  the 
timber  basin  may  also  be  rented,  and  in  this  way  at  least  18  hectares  at 
0.02.')  H.  to  0,04  rt.  per  sq.m.  of  water  snrfare  are  taken. 

Of  the  structures  for  comnicn  ial  transit  neeils  on  the  west  side  of  the 
„Minerva"  basin  the  two  sheds  alongside  the  shore  are  let  for  2200  fl.  a 
year;  and  two  of  the  four  situated  behind  th^e  arc  let  together  with  an 
open  ground  space  for  1400  florins. 

For  storing  wood  in  the  unlet  part  of  the  timber  basin  0.01  fl.  per 
month  per  aq.metre  is  charged. 
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E  The  PftralMH  Btili.  * 

On  tbe  south  shore  of  the  North  Seft  Craal  nwr  the  west  end  of  the 
toWD  Mid  about  KjOO  metres  from  the  entrance  to  the  timber  basin,  the 
t<»wn  constructed,  between  1887  and  90,  a  ]-K?troleuin  basin.  It  is  hor-JC-shw 
8hape<l  and  has  two  entrancoB;  each  of  these  entranoes  is  81  metres  wide 
and  can  be  shut  by  iron  floating  beams.  The  object  aimed  at  in  making 
a  second  entraDcc  was  a  choice  of  exits  iu  case  of  iire  for  ships  seeking 
aecnrity. 

The  measornnenta  of  tliifl  basin  are  911  m.  by  171  nu,  with  a  depth 
of  8.20  m.  -r  AP.  and  a  supnfioial  ana  of  16Vt  hectares  The  open 
ground  apace  pertaining  thweto  maaauiea  12  beetana,  ia  aitnated  at  a 

level  of  1  m.  4-  AP. 

Mooring  posts.  120  m.  apart,  arc  fixed  along  the  wharf,  and  between 
the  shore  and  each  'f>crthinf/  station  movable  guides  keep  the  ship  10 
metres  out  from  the  shore,  and  allow  of  river  craft  coming  between  ship 
and  shore  if  desired. 

No  special  loading  and  unloading  apparatus  is  provided.  Barrels  are 
Tolled  along  sloping  platfiMrma  or  gangways.  Tank-boats  aae  th^  own 
gear  fbr  taking  in  or  unloading  petrolenm;  if  needed  ateam  can  be 
supplied  by  the  boUera  on  the  wail 

Without  reckoning  expense  of  laying  down  the  connecting  railway 
and  cost  of  land.  .550  00()  florins  have  been  spent  on  this  basin. 

On  the  north  side  the  Amsterdam  Petroletim  Harbour  Company  has 
3  hect;ireg  of  the  ground  ^f>f\ce,  on  which  they  have  put  down  5  iron  tanks 
to  cont4iin  together  lOh  000  barrels  of  petroleum;  a  storage  and  barrelling 
shed;  au  underground  storing  place  for  filled  barrels  which  comprises  an 
area  of  about  1000  square  metrea ;  alao  officeB^  atorehouaes,  work-ehope 
and  jottiea  fbr  the  inland  navigation  craft. 

The  boiler  house  for  supplying  ateam  to  the  Worthington  pumpa  ia 
at  Bome  diBtance,  and  cannot  thoidbre  be  a  aource  of  danger. 

Between  the  town  and  the  Company  a  contract  haa  been  wtered  into, 
in  which  it  is  stipulated:  That  the  Company  may  Ptore  and  manipulate 
petroleum  and  other  inflammable  commodities  for  other  partis  only 
and  may  not  traffic  therein  on  their  own  account. 

The  maximum  tariff  to  be  charged  for  services  rendered  is  to  be  fixed 
by  the  town.  The  Corapagny  is  to  provide  and  maintain  its  own  necea- 
aary  manipulating  apparatus. 

The  town  ahall  receiTB  aa  rant  6O0O  fl.  a  year,  and  half  tiie  aurplua 
after  6  %  haa  been  paid  to  the  aharehdderB. 

About  1.80  hectares  on  the  south  side  of  Ihe  'bann  is  let  to  the 
American  Petroleum  Corajjany  for  7340  florins  per  year.  This  company 
haa  put  down  'd  tanks  to  contain  a  total  of  72000  barrels:  also  the 
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nocoMafy  itoiage  and  waidbouriifg  and  jettki  for  loading  and  tmloa- 
diDg  inland  liver  ciaft;  alao  an  an^e-house  has  bew  aiected  at  a 

tmitable  distance. 

The  Amsterdam  petroleum  imports  ym  in  1891  209626,  and  in  1892 
507800  barrels. 

F.  Boaded-WareheuMs. 

The  CoBlom  Hoom  Dock  was  made  in  1827.  It  is  8S0  metres  long,  and 
on  an  avenge  66  metres  wide,  and  has  open  ground  space,  warehonses 
etc.  on  each  side.  It  no  longer  answers  however  the  present  requirements, 
and  for  seapveesela  ie  aeeoosible  cmly  by  the  Custom  House  Dock  locks 

whose  width  is  13.70  m.,  and  the  pill  at  5.80  m.  —  AP. 

Thif  entrance  is  unsati^'factof}',  n'>t  only  on  account  of  its  insnfticient 
deptli,  Init  also  hwau^t-  of  the  oli.^uu*  tion  and  loss  of  time  in  passing 
through  the  East  Doik  locks,  the  Kattenberg  bridge  and  the  Canal. 

Only  ezoeptionnally  therefore  do  sea-going  vessels  moor  in  this  do<^. 
They  stay  in  the  Y  or  the  East  Dock  and  goods  for  the  Custom  House 
Dodc  an  pat  on  flats  or  tiarges,  which  oonvey  them  thither. 

In  the  dock  itself  work  is  not  interfered  with  or  inspected  by  the 
customs  ofTiciiils.  The  «ro<)<3s  are  treat<M;l  and  looked  upon  as  if  still  in  a 
foreign  port,  and  only  the  entrances  to  the  warehouses  used  by  the 
public,  are  watched. 

The  warehouses  and  shed^  uuiuber  about  120  and  together  afford 
140000  sq.  metres  of  storage  space.  Qf  this  */5,  or  about  £600  sq.m.,  an 
generally  given  up  to  free  goods,  espedally  coffee,  rice,  cotton,  com,  skins, 
tin,  dnehina-bark  etc.  TIm  remaining  */5  about  84000  sq.  metres,  are  used 
for  duty  paying  imports  sudi  as  su^ir,  tobacco,  wines,  spirits,  tea,  our- 
rants,  salt,  spices  etc. 

The  cellars  are  ordinarily  Uf^ed  for  wincd  and  spirits.  For  a  wholu 
floor  the  charges  are,  ptr  inouth  and  [ler  square  metre :  For  cellar,  ground- 
floor  or  first  floor  0.17  fl.;  fur  2''J  lluor  0.15  fl.;  for  3"  floor  0.12  fl.;  for 
4*^  floor  0.10  fl ,  and  for  the  5*^  floor  0.06  fl.  For  pro^ng  labouzets 
and  for  weic^ing  etc.,  the  charges  an  very  modemte. 

Except  two  1600  Kg.  steam  cranes  there  an  no  rapid  loading  and 
unloading  appliances  with  a  fixed  scale  of  charges. 

AlthoU(?h  this  dock  is  in  rommuni(>ation  with  the  railway  syptoni. 
and  is  very  act  eesililc  to  inhmd  river  craft,  it  must  either  be  abandoned 
or  turned  to  some  other  pur{)oso. 

Plan.^  for  a  dock  answering  all  requirements  and  capable  of  receiving 
sea-going  veeseis  an  ready.  This  dock  is  to  be  in  the  ,^tads  Rietlanden" 
on  the  south  side  of  the  railway  basin  already  described. 
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6.  FlMttng  Oookt. 

The  tU^msterdamBche  Draogdoktnaatachapp^**  owns  and  works  the 
foUowii^  docks: 

V  The  Koninglnnedok''  (Queen's  Dock)  on  the  North  side  of  the  Y 
opposite  t^)  tlie  Easit  commercial  quay  v?iih  a  length  of  122  metres,  a 

hreadth  of  2r>  inetre.-^.  liivi  n  (Icpth  of  5.25  metres. 

The  lifting  pciwtT  is  4*HmkK1  K*?.  By  means  of  foiir  strum  ontrfnea  and 
centrifugal  pumps  this  d(K-k  can  be  emptied  and  the  ship  be  raiacd 
in  l*/4  hours. 

In  the  ndghbourhood  and  close  to  are  vorkshops  and  lepuiing 
yards:  —  vis. 
A  smithy  with  large  and  raiall  steam  hammers. 

A  turning  shop  with  the  necessary  tools  for  making  different  piecM 
and  parts  reqxiifite  for  steam  ships  up  to  HOOO  horse  powfr. 

A  boiler-maker's  shop  with  hydraulic  plant  for  bending  and  shaping 
brass  tubes  of  large  diameter. 

An  iron  and  metal  foundry,  wiHi  a  6000  Kg.  movable  onme. 

In  the  engine  houses  are  three  horiaontal  boilers  with  a  total  heating 
surftos  of  84  sq.  m.  and  two  40  horse  power  horiaontal  engines,  one  of 
which  drives  the  electric  dynamo  for  lighting  purposes  (120  fixed  lamps 
and  14  movable  lights. 

The  other  buildings  consist  nf  warehoufips,  model  makinj;  and  building 
shops,  offices  and  12  dwelling  houecs  for  employes  and  workmen. 

Close  to  this  dock  is  a  screw  duck  with  a  lifting  power  uf  40lX)  Kg. 
and  a  depth  of  2.75  m.  for  repairing  screws  and  shafts  of  inland 
steam^craft. 

2*  The  Koningadok  (King's  Dock)  on  the  north  west  side  of  the  town 

is  122  metres  long.  22  metres  wide  and  5.10  metres  deep.  The  lifting 
power  is  3000000  Kg.  The  dock  is  in  four  parte  and  may  be  used  as 
one  whole  or  fiepnrately.  Noar  thb  dock  are  also  large  and  spacious 
workHhoi)9  where  evt  ry  possible  kind  of  repairing  work  is  done.  There 
iti  a  4U00  Kg.  movable  crane. 

During  the  15  years'  existence  of  the  company  there  have  been  repaired 
or  refitted  by  them  27S0  vesaels  with  a  total  tonnage  of  8122285  tons. 
The  number  of  days  and  of  docks  worked  during  this  period  has 
been  7575. 

HarbMr  Dim. 

All  sea  gohug  ships  and  inland  craft  entering  the  town's  port  and 
canals  are  subjected  to  dues  as  follows; 
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a.  Sea-going  ships. 

I<>  All  such,  with  the  exception  of  those  mentioned  under  2®,  3* 
and  4P,  pay: 

MlUtgsbipa  OuOS    fl.  per  eaU  taatn, 


2*  Seapgoing  TeeseUi,  timber  laden  or  for  the  henini^toaide: 


:  1.  par  cnlh 
I  •  «    •  • 


df  Sea-going  veasele,  vitii  ooal,  ooke  or  pag  inm: 

.    .    .    .    «    ojoss  fl.  ptr 


8t«*m«rii  aOW  •  ■ 

4»  Sea  going  vessels,  laden  viih  iron  ore: 

BriltBtihlpii  9Jm  fl.  pai 

StMtnen  0.0I7S  •  • 

Ships  with  mixod  carpo  are  taxed  at  the  rate  under  which  the  greateist 
bulk  of  their  cargo  lails. 
When  a  ship  both  arrives  and  leaves  empty  the  dues  are  reftinded. 


b.  Inland  and  River  Craft 

V  All  such  crafty  with  the  eieptitm  of  those  OMntioned  under  and 
8s  pay: 

Fur  oach  vofi^e.  per  ooUe  nMli«  ......     ttM  S. 

Wltb  %■  mlBiuBB  diuta  pw  httit  «r  AiA  • 

So  Craft  intended  for  use  ezclueivcly  or  principally  within  the  town 
limits:  a  Bin|^  yearly  payement  of: 

Wat  itMMn   (MB  a,  p«r  otOum. 

•  onft  oUnt  than  ■taimwi  (US  <  ■  ■ 

mih  •  ■iBiBut  per  bmt  oT    .     .     .     .  LM 

3^  Craft  sailing  at  regular  times  and  having'a  fixed  mooring  place,  a 
fixed  yeariy  rental  payable  in  one  sum  for  the  whole  year: 


StOMiiers  mnntag  nv^Urly  u>m  iiKir<'  thxu  T  tlllMt  pw  irwk   0.60  fl.  p«r  OUlliBk 

Stcamera  nakiiig  more  Uun  7  runs  per  week     .........  OM  •    •  • 

Bwto  not  Mnt  wtmmm   OJO  •   ■  < 

Wttb  •  ulotniiuii  (if   IM  m 

Craft  wittiont  niutlvQ  iJbw«r  aud  QOt  <>xc»ediui{  Mcub-iu..  luiil  uued  fur  brining  cM;ga 
lnt«  Hm  T.  bat  not  m&kliiK  ut*  of  th«  town's  loading  and  anloadung  appUaoMt 
vdMn  •pcotuDy  vM  tor  Mdi  tun*  vmA,  »  atngl*  jtUtf  pajmmt  ol   .    .     .  •   •  • 

Wllb  a  lalrtiiM  of   L30  «* 


The  rates  mentioned  under  6,  are  augmented  by  a  third  for  ships 
belonging  to  companies  carrying  passengers  and  having  special  landing 
stages. 

The  Rhine  craft  plying  regularly  between  Amsterdam  and  the  Rhine 
are  not  sutjeeted  to  ttus  augmentation. 
When  a  Rhino  bout  both  arrives  and  leaves  empty  the  dues  paid  by 
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her  are  refunded.  Also  when  a  Rhine  craft  arrives  loaded  but  leaves 
empty,  or  urives  empty  Irat  takes  away  cargo,  half  the  amount  of  dues 
paid  aia  z^unded  to  her. 
Ebrbonx  duea  are  oalonlated: 

For  aeaFgoing  Teaeds  on  Uie  gross  tonnage,  aa  given  by  the  goTera- 
ment  certifioate  or  otherwise  as  per  the  foreign  measaiement  if  this  ireee 

the  nhip  from  registering  bpre 

Fur  river  craft  and  otiier  boats  engaged  on  inland  waters  the  dues  are 
calculated  according  to  the  government  certificate. 

The  tonnage  of  craft  unprovided  with  any  of  the  above  named  papers 
is  estimated  and  tariffed  by  the  Collecter  of  Harbour  Dues. 

For  craft  plying  exdusively  and  principally  within  town  limits  angle 
aannal  payment  system  is  enforced,  for  inland  canal  and  river  craft 
with  regular  nmninga  and  with  qiecial  mooring  places  assigned  to  them 
it  is  allowed  to  pay  once  a  year. 

Upon  all  sea-going  ships  remaining  in  the  port  more  than  3  months, 
a  charge  of  one  fourth  of  the  port  dues  is  made  for  each  month  entered 
upon,  lip  to  a  maximum  of  0.01  d  per  cubic  metre  for  Bailing  ships, 
and  of  0.(K)7r)  tl.  for  steamers. 

For  inland  craft  whose  port  dues  are  not  p^d  yearly  these  dues  fall 
anew  to  llieir  charge  for  each  month  begun  after  their  first  month's 
stqr  in  the  port  NevwtlwlesB  in  the  application  q£  this  rale  allowance 
will  be  made  for  the  time  covered  by  paymoits  made  as  trading  or 
market  dues. 

(Tnndatod  hy  W>.  H.  Haswooo,  Branak,) 
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MEANS  FOR  PREVENTING  ICE  BLOCKADES 

BT 

H.  GEORGES  NAHTEN, 

XAolgl.  praoHlMlMr  Wsner-BaaliiagMtor  At  BMtbmut  on  tba  BRw. 


Until  fha  last  few  years  the  stoppage  of  navigation  by  frost  was  con- 
sideved  as  an  evil  without  remedy. 

Lftttoly  however  efforts  have  been  made  on  aU  ndea,  even  at  great 
sacrifice  on  sea^water  canals,  the  mouths  of  rivers  and  in  ports  to 

prevent  this  sto^Mge  or  at  least  to  shorten  its  duration. 

It  is  therefore  very  important  to  be  acrinainted  with  the  results  of 
these  efforts  and  the  means  employed  to  attain  the  ubject  in  view. 

We  will  give  some  account  of  these  in  the  present  report  in  the 
following  order: 

niff'e-e-nf  'vs^■*??^••■'  and  methofls  for  breaking  and  cUuriiuf  aimy  ice;  ice 
brtiilinfj  boats;  eu^yhsivea  etc.;  rentLts;  coat  of  necessary  plant;  working 
expaiaes. 

I.  -  8EIIEIIAL  OBSERVATIONS. 

It  is  in  the  first  place  necessary  to  know  why  the  removal  of  the 
ice  on  a  river  is  necessary;  whether  it  is  solely  in  the  interest  of  navi- 
gation, or  in  the  interest  of  navigation  and  rural  economy  combined,  or 
in  the  Interest  of  tiie  dams  and  low  lands  protected  hy  them. 

From  the  experiments  made  up  to  the  present  time,  it  is  proved  that 
for  ,the  maintenance  of  maritime  navigation  it  is  necessary  to  remove 
the  covering  of  ioe  from  the  mirface  of  the  stream  as  soon  as  it  is  formed 
and  bouts  can  no  longer  themselves  do  it  in  their  course  or  thdr 
paaaage  is  rendered  more  diMculL 


Uiyitized  by  Google 


2 


The  covering  of  ice  must  neceeBBiily  remain  on  the  river  above  the 
limits  of  navigatum,  in  order  liiat  the  broken  pieces  of  ice  in  the  upper 
river  may  be  prevented  from  coming  down ;  this  is  a  measure  which 

contributes  to  maintain  the  channel  free  for  nHvieratinn. 

Generally  the  bnakin^'  of  the  ice  above  the  liiuita  of  maritime 
navigation  ?ho<ild  nut  Ix-  ciniinenred  until  a  thaw  may  bo  cxpectt-d, 

lluwbver,  when  liie  thuw  has  already  begun  in  the  upper  baain  uf  the 
river,  while  the  ftcst  oontinnes  in  the  lower  baain,  if  we  would  regard 
the  safety  of  tite  dams  and  avoid  disastroiu  floodst  we  must  not  wait 
until  the  thaw  has  also  dechuced  itaelf  in  the  lower  baain,  bnt  energetic 
means  should  be  taken  to  clear  the  atreara  above  the  limits  of  maritime 
navigation.  These  operations,  it  is  true,  will  be  useless  unless  the  blocks 
of  ice  that  have  been  detached  are  able  to  descend  to  the  lower  basin. 

The  Council  of  the  town  of  Hamburg  since  1*^74  (at  fin?t  with  a 
fingle  i«"e-breakintr  ftfamboat).  regarding  only  the  interetst  of  maritime 
navigation,  t<H>k  upon  itself  to  prevent  as  far  as  possible  the  formation 
of  thick  ice  on  the  Lower  Elbe  below  the  town  and  to  clear  away  the 
broken  ice  in  apite  of  tht  riaekmed  eurrenL 

loe-bieaking  boats  were  used  only  after  this  date  upon  the  Upper 
Elbe;  in  &ct  only  after  the  disasters  of  the  winter  of  1887—88.  During 
tills  winter  the  formation  of  ice^floee  and  the  swollen  condition  of  the 
Upper  Rllje  caused  the  greatest  havoc  to  the  dams  and  low  lands  which 
should  have  been  protected  by  these  dams. 

2.  -  VARIOUS  SYSTEMS  AND  METHODS  FOR  BREAKIN6  AND 

CLEARINS  AWAY  ICE. 

According  to  the  experimenlB  made  on  the  Elbe  there  are  no  oth«r 
means  to  recommend  Ibr  keeping  the  channel  fiee  in  time  of  firast  but 

ice-breaking  steamboats. 

It  is  a  fact  that  other  experiments  have  been  made  on  the  £lbe  by  the 
army,  which  has  used  explofiives  (powder  and  dynamite),  but  the«e 
experiment**  bavi^  hmi  no  very  marked  resnltn ;  in  fact  hv  reason  of  the 
masses  of  fra^mcntF.  formed  they  have  bern  almost  with<)Ut  resnlt. 

When  the  ice  is  very  compact  and  thick  and  the  water  is  toUrably 
dupt  mines  placed  as  deep  as  possible  may  Aattw  a  large  aiea  of  ice 
and  by  that  means  ftdlitete  in  some  degree  the  woik  of  the  ice-breaker. 

It  is  true  that  when  the  ice  presents  a  united  surfiHce,  large  stretcheB 
can  be  dislodged  by  numerous  explosions  systematically  organised;  but 
this  operation  is  very  slow  and  the  expense  is  great. 

For  the  portion  of  rivers  affected  by  the  tide,  this  latter  method 
employed  withnnt  the  co-opfration  of  ice-breakers  has  few  ad\'antagoH. 

The  bliK'ks  of  ii-e  detached  by  blaptintr  will  descend  a  Uttle  way 
with  the  ebbing  tide,  but  will  return  with  the  Hood  and  mix  with  the 
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floM  ttom  op  etnam  or  with  the  maas  ti  ioe  whieh  ooven  Ihe  sifeam 
higher  up;  they  will  elide  one  on  to  another  and  freeie  into  one  solid 

It  is  then  necessary  to  repeat  the  blasting,  and  the  more  floeeofioewe 
formed  the  less  will  be  the  effect  of  these  explosions. 

Experience  has  Bhown  that  withnnt  the  help  of  ice  breakers  it  is  nse- 
less,  or  almogt  bo,  to  have  recourse  to  exj)l(>Five8  and  that  blasting 
doet!  luit  even  rentier  great  assistance  to  the  ice  breaking  boatK. 

Explusions  are  only  effective  iu  detaching  the  ice  in  certain  isulated 
spots  which  are  out  of  the  reach  of  the  ice-breaken. 

Besides  ^plosions  it  has  been  attempted  to  saw  through  the  coating 
of  ice.  The  object  of  this  operation  was  to  ftcilitate  the  spontaneous 
taeaking  of  the  ioe  as  well  as  the  worldng  of  the  ice-tareakors. 

Daring  the  winter  of  1890 — 91  the  ice  covering  the  Upper  Elbe  was 
sawn  through  from  Elbstorf  to  Geesthacht  (station  (♦)  590  to  584),  i.  e. 
for  a  distance  of  6  Km.  The  average  thickness  of  the  ice  was  0.75  m.  A 
strip  of  ioe  1.20  wide  was  sawn  away.  After  this  was  carried  away  a 


Shoreline. 


channel  was  formed  in  the  middle  of  the  current  at  a  distance  ct  abont 
40  m.  ftom  the  groin  heads.  'Hus  operation  occupied  much  time  and  was 
▼eiy  expensive.  It  certainly,  as  has  been  affirmed,  allowed  steamers  to 
advance  more  easily,  but  the  experiment  cannot  be  recommended;  first 
on  account  of  the  time  it  requires  —  it  takes  time  before  the  strip  can 
be  sawn  away  and  divided  into  pieces  by  means  of  axes  and  removed 
from  the  channel  —  also  on  account  of  the  increased  expense,  and  more 
over  because  the  sli-rht  advantage  obtained  is  lost  again  directly  the  frost 
becumes  settU  d  and  the  ehannel  closes  up. 
In  most  ca^es  the  sawing  cannot  be  commenced  at  just  the  right 


(1)  Mark*  or  <iidl«  stonM  mk  iriaeed  at  a  ^iitMiM  «f  1  m.  apart  along  the  nav^Ue 
portkui  of  the  rher.  Thej  are  known  u  ifafioiw  and  are  genciaUjrnainbeKd.— Tram. 
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It  ia  not  pOflsible  to  nmke  gaps  in  the  ice  ahead  of  the  ice-breakers,  the 
work  of  the  lattter  being  too  rapid,  thoy  quickly  overtake  the  place 
where  the  hand  labour  has  got  ta 


After  these  experiments  it  has  been  attempted  to  diminish  the  resis- 
tance of  the  ice  by  making  grooves  in  it  But  thia  method  has  alao  been 
without  sucoes. 


Since  thf  wint-er  of  1802—93  the  Hamburg  Admiiiistrntion,  :is  well  as 
the  Prussian  Administration  of  Works  un  the  Elbe,  are  so  well  provided 
with  Sce-breaking  boats  that,  except  for  an  altc^ether  abnormally  low 
water-level,  thej  are  both  able  to  enenre  the  femoval  of  tiie  iee  both  on 
the  Upper  and  Lower  Elbe. 

For  the  clearing  of  Uie  ioe  from  the  Northern  Elbe,  from  the  port  of 
Hamburg  and  the  Lower  Elbe,  the  Hamburg  Administration,  as  has  already 
been  said,  has  had  in  use  since  1892  seven  ice-breaking  boats. 

The  three  smallest,  „Sim8on",  „Hofe"  and  „Movo".  are  nsed  for  clearing 
away  the  ice  from  the  Northern  Elbe  and  the  port  of  Hamburg  (Ci 
annexed  table). 

The  removal  of  the  ice  from  the  Ix)wer  Elbe  below  Hamburg  as  for  aa 
Glfickatadt  ia  exacted  by  four  larger  ice>bteakeR(,  „Ioe-bnaker  I",  „Ice* 
breaker  IP',  „Ice-breaker  IIT*  and  the  nElbe**.  It  ia  not  neoeaaary  to 
break  the  ice  further  than  Gluckatadt,  becauae  below  thia  atation  the 
ebb  and  flood  axe  eo  strong  and  the  current  of  the  river  eo  violent 
that  the  ice  doea  not  stick. 


Seoiioii  through  «  6. 


Groov«s» 


a.  RESULTS. 


Digitized  by  Go^ 


The  flttbjoined  plan  of  tbe  iteamer  „Hofe"  gives  an  idea  of  thesmalleBt 
Hamburg  ice-breakeiB ;  the  plan  of  the  steamer  „ESbe**  showe  the  nature 

of  the  largest  in  use. 

The  Ilaiiiburg  Administration  proved  during  tlie  long  wintrr  of 
1892— U3,  in  spite  of  the  lownese  of  the  wat^r,  tiiat  it  in  able  by  means 
of  its  ice-breakers  to  ensure  navigation  in  its  port  and  on  the  Ix>wer 
Elbe. 

On  the  Upper  Blbe,  where  in  1887 — 88  mawwe  of  ioe  had  done  much 
damage,  tiie  tweaking  of  the  ice  bad  become  a  neoeaaity.  Not  yet  having 
any  iee>bieaker,  tugs  had  to  be  hired  for  this  purpose. 

This  expedient  was  ineffectual  and  incurred  heavy  expenses;  the  hulls 

of  these  boatti  not  snfficiently  strong,  their  repairs  were  too  exten- 

sive ;  besides  the  screws  and  shafts  were  incessantly  dninngi  d  or  broken, 
for  these  parts  of  the  boats  were  not  built  with  a  view  to  the  service 
now  required  of  them. 

The  Russian  AdminiBtrttlion  of  Works  on  the  Blbe  soon  Tecognised 
the  necessity  of  havii^  boats  of  their  own  built  speciaUy  for  breaking 
ice,  and  during  the  mntex  of  1889~90  three  steamers  of  this  kind  were 
at  work,  viz.:  the  „Wal",  the  „T{obbe"  and  the  ,,Delphin". 

In  the  following  year  the  ice-breaker  „Lunebarg"  was  added  to  this 
number. 

It  was  found  however  during  the  winter  of  1890  -91  that  in  very 
severe  winters  these  four  boats  were  not  enough  to  keep  the  river  Kibe 
free  between  Hamburg  and  Altona,  and  above  Harbourg. 

It  was  absolately  necesaaiy  in  oidw  to  keep  the  river  (dear  behind  and  to 
]»ovid6  for  the  return  of  the  ioe-breaken,  even  to  him  a  fow  tugs.  Only 
thcas  latter,  on  accoimt  of  the  continual  repairs  which  we  have  mentioned 
were  not  sufficient;  so  that  the  Prussian  Administration  of  Works  ODt  he 
JSlbe  decided  to  increase  the  nniiiber  of  ice-breakers. 

During  the  winter  of  18i)2  It^j  the  Prussian  Administration  maintained 
on  the  Upper  Elbe  seven  ice-breakers  and  two  steam  launches  struugly 
built  for  the  same  purpose.  These  ice-breakers,  besides  the  four  men* 
tioned  above,  were  Uie  „Eisbar",  the  „Walross*'  and  the  „Widdes"  and 
the  two  launches  the  „Molch"  and  tlra  „Salamander". 

The  annexed  outs  give  a  plan  of  their  construction. 

At  present  in  the  basin  of  the  Upper  Elbe  provision  is  made  against 
the  dif?apt<:r8  that  may  be  nu  t  with  from  ire-floes,  as  was  proved  during  the' 
winter  (tf  ls;i  j — 93,  even  in  npite  of  the  extremely  low  level  of  the  water. 

Tcfi-breakera  can  only  work  to  advantage  against  the  current,  and  it  is 
important  in  that  part  of  the  river  that  is  affected  by  the  tide  to  begin 
breaking  the  ioe  as  soon  as  the  tide  goes  out,  so  that  with  the  ebb 
the  floating  fragments  may  be  carried  bo  for  away  that  tiiey  will  not 
renter  the  river  with  the  next  tide^ 

After  breaking  the  ioe  —  the  most  important  thing  —  care  must 
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alw»yB  be  taken  to  observe  ffaAt  the  part  between  the  ice-breokw  and 
the  sea  xemains  free. 

The  Hambiug  iee-bieakeze  are  conMquently  distributed  on  the  Lower 
Elbe  in  siich  a  manner  that  ice-breaker  no.  Ill  devotes  its  attentions  to 
keeping  tlu>  river  open  below  Pagensand  as  far  as  the  sea;  ice  breakers  I 
and  11  from  Finkenwarder  to  Pagensand^  and  ioe*breaker  the  „Elbe" 
from  Hamburg  to  Finkenwirder. 

The  ice-breakers  are  at  work  continually  during  the  irosi  and  aided 
by  sea-craft  coming  in  and  out,  they  are  therefore  always  in  a  position 
to  keep  the  passage  open. 

The  clearing  away  of  the  ioe  on  the  Upper  Elbe  is  done  diflbrently. 

At  is  not  attempted  to  break  the  ioe  on  the  Upper  Elbe  above  Har- 
bottig  (in  every  case  first  of  the  portion  affected  by  the  tide)  until  there 
IB  some  hope  of  obtaining  good  results  or  it  becomes  an  absolute 
necessity. 

Five  ice-hrealfprs  are  employed  according  to  the  nature  of  the  ice. 

These  boal^  |)laced  abreast  so  far  as  the  width  of  the  channel  will 
allow  it  attack  the  ice  all  at  the  mme  time;  the  latter  is  broken  up 
over  a  width  of  more  than  200  m.  and  the  broken  pieces  float  down 
to  the  sea. 

If  the  channel  is  not  wide  enough  only  two  or  three  boats  attack  the 

ice;  the  remaining  ice-breakers  then  endeavour  to  toaak  the  ice  still 
adhering  to  the  sides  by  the  violence  cf  the  waves  which  they  cause  by 
pBf^pint;  and  repassing  at  full  steam.  Two  other  steamboats  take  care 
that  the  part  freed  of  ice  remains  open. 

These  two  boat^  placed  down  stream  are  intended  to  make  the  bro- 
ken pieces  of  ice  follow  the  current  withoiit  delay;  they  should  break 
off  and  cause  to  float  away  the  pieces  of  ice  in  the  hollows  between  the 
groins  or  tm  the  sand,  so  that  a  compact  mass  may  not  form  bdow  the 
ice-breakexB  at  work.  This  in  &ct  might  seriously  afcct  their  action, 
and  betides,  these  two  boats  themselves,  covered  with  ice  above  and 
below,  mi^t  run  the  daiager  of  being  demised  by  the  mannnfi  of  ioe 
coming  down  stream. 

They  therefore  must  be  constantly  in  communication  with  the  ice- 
breakers properly  so  called  and  the  lower  freed  portion  of  the  river,  and 
consequently  never  cease  to  move  night  and  day. 

Up  to  the  limit  where  the  tide  is  felt  not  more  ice  should  be  broken 
than  the  tide  is  able  to  carry  away  (L  e.  2  or  8  km.).  Otherwise  the 
broken  ioe  coming  back  with  the  rising  tide  would  render  ineffectual 
all  the  work  that  has  been  done. 

Moreover  it  is  of  the  highest  importance  to  get  rid  of  the  v»right 
across  the  stream^  in  order  to  obtain  as  wide  a  passage  as  possible. 

To  facilitate  matters  after  the  channel  has  been  opened  a  few  boats 
should  pass  up  and  down  at  full  steam;  by  the  motion  of  the  water 


they  will  in  tine  manner  Buooeed  in  loosening  the  ice  from  the  slanting 
banks  and  shore.  This  system  has  given  the  best  tesoltB. 

Duiing  the  winter  of  1892 — 93  the  Prussian  ice-breakers  penetiated  as 

far  station  436  (Cf.  annex etl  plan),  i.  e.  about  5  km.  below  the  mouth 
of  the  Havel.  Above  stdtlon        the  ice  was  already  in  niovompnt. 

A  coating  of  ice  therefore  of  a  total  length  of  189  km.  waa  dislodged 
above  Altona. 

The  clearing  away  of  ice  this  winter  lasted  from  the  end  of  December 
to  the  middle  of  Fehmary. 

By  this  means  the  serious  injury  which  might  have  been  sustaiiMd  by 
the  bank  from  the  ice-floes  was  avoided  and  the  navigation  of  the  Tpper 
Elbe  was  free  at  least  three  nr  four  weeks  earlier  than  it  would  have 
been  without  the  aid  of  the  ice-breakerc. 

The  Prussian  Administration  of  Works  cm  the  VA]>c  every   vear  at 

V  1 

Ilarhourg  on  the  J>ecemb6r  prepares  all  its  ice-breakera  for  the  clearing 
away  of  ice;  and  they  are  reserved  for  this  service  until  1'*  ApriL 

The  Hamburg  ice-breakers  I,  11  an  III,  as  well  as  the  Prussian  ice- 
breakers ^^isbir",  nWalross**  and  nWal"  are  only  used  in  time  of  frost 
In  summer  they  are  not  used,  because  experience  shows  that  the  use  of 
large  ice>breakerH  for  towing  is  not  practicable,  both  on  account  of  their 
Inrge  consumption  of  fuel  and  the  expense  of  u'orking  them. 

On  the  contrary,  the  ice-breaker  „Elbe"  is  used  in  sunnnor  as  an 
iuHpecting  bout  on  the  Lower  Elbe,  and  is  also  employed  for  placing 
buoys  and  other  work. 

Hie  other  three  Hamburg  steamers,  „Sim8on",  „Hope",  and  „M6ve",  as 
well  as  the  Prussian  ioe-lneakers  „Lunebuig**,  „Robbe'*,  „Delphin*\ 
„Widder^,  „Mol(di"  and  „8alaniander**  (for  the  Hamburg  and  Prusmon 
Administrations  of  Works  on  the  Elbe  leave  the  work  of  dredging  in  the 
hands  of  trustees)  are  used  for  the  removal  of  the  earth  brought  up. 

The  HamburfT  stcfimcrs  are  all  built  in  the  form  of  ramming  boata.  On 
the  other  hand  the  Prussian  Administration  is  in  possession  of  two  kinds 
of  ice-breakers,  : 

«.  QroundlRg  toits. 

These  are  to  be  recommended  where  large  stretches  of  rotten  ice  or 
hard  strong  ioe  have  to  be  removed,  provided  it  is  not  froien  to  the 
bottom  cf  tiie  bed. 

Preference  should  be  given  to  a  flat  keel  so  that  while  attacking  the 

ice  the  boat  may  remain  horizontal  as  much  m  possible. 

A  curved  bottom  is  effective  for  keeping  a  straight  line  of  navigation, 
but  it  may  help  to  hamper  the  vessel  among  the  ice. 

It  has  been  attempted  to  eoneenlnUe  <&«  weight  m  the  bcwe  and  make 
keeb  of  a  particttlar  form  in  ordw  that  the  ice  may  the  more  easily  be 
broken.  But  the  e^teriment  has  not  been  a  success  even  in  firm  hard  ice, 
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on  aoeonnt  the  eUBtidty  of  the  hitter.  Doable  keels  like  iSboee  used  for 
the  tce-breakers  on  the  Viatala  have  been  fooad  eqnally  dangeioiis. 

The  uw  of  the  keels  for  breaking  ponoilB  ice  is  abgolutely  without  result. 

Steamers  with  double  keels  become  wedged  in  attacking  the  notten 
ice  anH  th^  help  of  other  steameis  is  nearly  always  requited  to  rescue 
theui  fruiii  their  position. 

The  steamer  works  in  the  ice  in  a  comparatively  quiet  manner 
when,  witikOQt  displacing  h»  wstsriine  (px  centre  of  gravity),  she  csn 
mn  on  and  ddd  off  the  ice  so  as  to  find  as  fiur  as  possible  the  places 
which  o9er  the  lesst  ismstanoe. 

The  prow  of  the  grounding  ice-breakefs  of  the  Pnissian  Administration 
rises  0.6  m.  above  thp  water  and  slants  away  at  an  anjz:le  of  17°  until  it 
joins  the  keol  at  a  slight  curve  1  m.  in  front  of  the  middle  "f  the  vessel. 
With  thin  nonnal  water-line  the  draught  amid-ahips  is  0.25  m.  Igbs  than 
at  the  stern. 

By  increasing  the  draught  aft  tiie  angle  is  increased  wifhout,  howsTer, 
inteiUBring  with  the  working  qualities  of  the  boat;  on  the  contrary  it  is 
move  diffiealt  ios  the  prow  to  bresk  trough  the  ice  when  on  a  levd  with 
the  water. 

Allowance  being  made  for  the  loss  of  effect  caused  by  the  shock,  it  is 
affirmed  that  to  facilitate  the  operation  of  grounding  an  appreciable 
elevation  of  the  bow  of  the  boat  is  aoo^easay, 

k.  RuiBliig  tatts. 

These  work  well  in  ice-floes  when  messes  of  ice  have  to  be  broken 

and  cut  into  pieces.  They  also  must  have  their  bowf*  out  of  the  water 
when  attacking  the  ice  The  centre  of  frravity  therefore  f*h(>uld  be  rather 
aft  of  the  iniddle  and  the  boat  should  he  built  heavier  in  the  8t.ern  ♦hnn  in 
the  lutein,  it  is  well  in  order  to  give  it  more  cutting  power  to  construct 
it  on  ribarp  lines. 

Arrangements  specially  designed  for  ineressing  the  eflfoct,  ss  for  instance 
the  use  of  ice-ploughs  on  the  bow  of  the  boat>  have  not  given  the  resalts 
antidpated>  On  the  contrary  the  vessd  works  all  the  better  for  not 
having  its  movements  haihpered  by  such  apparatus. 

These  l»(>ati^  only  admit  of  constant  work  when  the  ice  is  comparatively 
thin,  or  in  ports.  Here  they  surpass  other  kind?  berauf«P  they  can  go 
easily  astern  in  a  straight  line,  which  tho  grounding  boats  cannot  do. 
The  steersman  therefore  of  the  ramming  boats  in  consequence  of  their 
groit  &oility  in  tiiis  movement  is  able  more  esnly  to  avoid  collisions 
with  other  boats  lying  in  the  port. 

The  groanding  boatSi  it  is  true,  are  easily  maniptilated  going  stiaight 
shcad,  as  we  ssid  above,  but  it  IS  no  longer  so  in  moving  stem  fixstt 
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If  these  is  no  room  for  tnrninp  the  boat  completely  round,  the 
steersman  can  only  make  her  go  aatern  by  keepiug  along  the  ice. 

In  order  to  be  able  to  looeen  tiie  ice  on  the  river  and  to  get  rid  of 
the  ioe-floee  the  Praaaiaii  AdminiBtiation  of  Works  on  the  Elbe  has 
adopted  both  etvfti  of  ice-breaking  boats  for  aerrioe  oa  the  Upper^Elbe 
between  Altona  and  Harbourg,  viz.  five  grounding  boats  (Eisbar,  Walross, 
Wal,   Kobbe  and  Delphin)  and  two  ramming  boate  (Liinebuig  and 

Widder). 

So  far  experience  has  gone  to  show  that  this  proportinn  of  five  to  two 
is  good.  The  two  steam  launches  „Molch''  and  „8aiii,ma.nder''  are  also 
bniit  in  the  tona  of  ramming  boats.  They  are  eapeeially  used  in  shallow 
waters  and  in  the  ports  of  the  Upper  Elbe. 

The  following  ia  the  manner  in  whieh  iee-breakezs  genefally  woric 
among  strong  ice  mixed  with  slush:  they  take  a  run  of  100  or  200  m. 
and  throw  themselves  upon  the  ice,  breaking  6y  thmr  weightf  and  Iraep  on 
until  the  force  acquired  is  exhausted. 

The  steamer  then  stopH  and  retires  to  the  requisite  distance  to  take 
another  run  for  the  next  attack.  This  takes  place  at  some  distance  from 
the  firsL  In  this  manner  a  wide  channel  is  obtained  from  ihe  first  and 
the  i^eoes  floating  away  from  the  breach  made  by  the  fini  attack  are 
thin  avoided. 

Under  ordinary  oonditior  i^rnunding  boats  aooording  to  the  thickness 
of  the  ice  slide  on  to  the  surface  for  a  distance  equal  to  one  and  a  half 
times  the  length  of  the  hoat  and  break  it  by  their  weight.  The  results  of 
ramming  boats  on  the  contrary  are  less  considerable;  they  cut  into  the 
ice  only  half  their  length  or  their  full  length. 

It  not  infrequently  happens  tiiat  a  boat  remains  with  her  prow  resting 
on  the  ice  and  finds  hoself  unable  to  move.  In  this  esse  a  second 
ice-breakn  has  to  oome  to  heat  aeslstanoe.  The  latter  throws  herself 
against  the  ice  as  near  to  the  first  as  possible  and  breaks  the  ice  which 
gripe  her.  If  -that  is  not  sufficient  she  hauls  the  captive  boat  away  by 
means  of  a  cable. 

As  soon  as  a  narrow  charuu:!  iiatj  I'hua  been  made  through  the  ice,  the 
boat  efiects  the  removal  to  the  fragments  by  going  up  and  down  the 
<diannel  at  full  irteam.  The  movemmt  thus  produced  in  the  watw  is 
snffifiient  to  dislodge  the  ice  still  adhering  to  the  mdss  and  to  draw  them 
into  the  current 

4.  NUMBER  OF  SCREWS. 

When  the  draft  is  sufficient  (about  1.50  m.)  preference  should  be  given 

to  boats  with  single  screw?. 

These  run  leeis  risk  of  striking  the  ice ;  the  construction  of  the  engiuee 
will  be  less  complicated  and  if  the  screw  is  large  enough  it  will  produce 
a  sufficient  propelling  force  and  the  effed  desired. 

SAW«r.  1* 
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If  the  boat  is  full  by  the  stern,  the  screw  is  in  leas  daxkgst  from 
floating  Mocks  of  ice,  but  its  action  will  be  less  effective. 

It  is  therefore  a  mistake  to  endeavour  to  lessen  the  possibili^  of  acci- 
dent to  the  screws  and  shaft  liy  altiring  the  form  of  the  boat. 

The  screw  and  the  shaft  should  be  made  as  strong  as  possible  and 
of  the  best  metal;  it  is  also  desinble  to  fit  a  safety  coupling  in 
front  of  the  stempost,  in  order  to  av<nd  aocidents  to  the  engine  while 
making  ito  greatest  efforts.  It  is  nselem  for  the  sake  of  safety  to  supply 
the  shaft  with  double  bcurint'^  in  the  stem,  because  a  bending  of  the 
rudderpost  might  easily  interfere  with  the  working  of  the  boat  and  that 
part  of  the  stern  itself  is  not  fit  for  the  support  of  the  bearings.  Boats 
with  two  screws  are  very  useful  and  at  times  abwlntely  neees-sury,  as 
for  instance  when  with  a  small  draught  <^reat  power  and  easy  movement 
are  required.  The  use  of  safety  couplings  is  also  to  be  recommended, 
and  the  shaft  and  blades  of  the  screw  should  be  of  powerful  construedon. 

The  cost  of  building  and  working  steamen  with  double  serewB  is  also 
oonsidoably  greater  than  that  of  single  screw  boats. 

5.  comRUcnoM  of  the  hull. 

It  is  important  to  strengthen  the  iKmt  with  a  suflicient  number  of  hori- 
zontal beams  so  tliat  the  skin  alone  shall  not  have  to  withstand  the 
violence  of  the  shocks  produced. 

The  laigeat  ice-breakers  have  three  keelsons  (or  carlings),  two  nm- 
eheeks  at  the  water-line  and  one  powerful  deck-ditedc. 

A  good  assortment  of  these  different  longitudinal  supports  in  the  bow 
of  the  vessel  is  useful  to  distribute  the  efiect  of  shocks  as  much  as  possible. 
The  frames  in  the  bow  of  the  boat  should  be  brought  nejirer  together 
(about  2.5  cm.):  or  else  additional  frames  in  the  form  of  gimers  should 
be  inserted  between  the  frames  in  order  to  prevent  as  pu  as  possible 
the  crushing  of  the  bull. 

The  plating  at  the  wator«line  and  along  the  keel  should  be  18  mm, 
thick.  The  other  plates  and  atrakes  may  be  weaker  (6  or  8  mm.). 

Soft  steel  is  preferable  to  forged  iron  for  the  plating.  The  tensile  ttrengtti 
should  not  be  more  than  45  kg.  pw  sq.  mm.,  that  the  plates  may  not 
break  along  the  line  of  rivets 

For  smaller  ice-breakers  it  has  been  found  successful  in  giving  the  hull 
the  requisite  stifiness  to  place  inside  pieces  of  wood  10  or  15  cm.  thick 
10  cm.  above  and  80  cm.  below  the  water-line. 

8.  ARMmSMENT  AHO  FITTIIIfi  OUT  OF  THE  EN6INE. 

The  engines  of  ic^-breakers  are  generally  like  those  of  werew  tugs;  only 
the  greatest  precaution  should  be  taken  to  see  that  they  are  llrmly  lixed. 
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In  spite  of  the  great  ooiuumption  of  ateam  it  is  well  to  neglect  the  con- 
densation of  it. 

Bzperienoe  has  shown  that  in  notten  ice  the  feeding  pipes  of  the  pumps 
easily  becoTiu^  choked.  The  means  ordinarily  employed  in  these  cases, 
such  OB  jeta  of  steam,  reservoirs  where  the  hot  water  roPuUing  from  the 
condensation  of  steam  is  collected,  are  absolutely  without  eft'eot.  Even  by 
letting  the  feeding  pipe  end  in  the  neighbourhood  of  the  ^rew,  where 
there  if  always  open  water,  no  satisfactory  results  have  been  obtained^ 
for  the  pipe  is  easily  ob^ructed  by  sand  and  frost. 

The  exhaust  steam  is  better  utilised  hr  the  production  of  artificial 
draught  for  the  boil^.  In  this  manner  the  greater  consumption  of  steam 
is  partly  compensated  far  by  tin  more  energetio  action  of  tiie  engine. 

The  trials  with  the  „Ei8bar'*,  ^.Wallross"  and  „Widder",  the  last  thiee 
ice  breakers  acquired  by  &e  Prussian  Administration  of  Works  on  the 
Elbe,  which  hnve  no  condensing  apparatus,  have  given  really  iai  more 
satisfactory  results. 

The  derangfciiient  caused  by  the  non-worliinp  of  the  pumps  is  avoided, 
the  cost  of  fuel,  it  is  true,  becomes  a  little  greater,  but  on  the  other 
hand  the  expoute  of  repairing  the  engines  is  sensibly  reduced. 

In  every  case  it  Is  always  necessary  to  have  in  the  engine-room  reset' 
voirs  large  mough  to  ensure  at  all  times  a  sufficient  supply  of  wtAet  to 
feed  the  engines.  In  the  same  way  it  is  useful  to  connect  this  reservoir 
with  the  tanks  in  the  stem  and  stem  of  the  vessel  that  needless  trouble 
in  working  may  be  avoided. 

Also  ftcam  pumps  sufficiently  large  to  clear  the  different  compartments 
of  the  boat,  as  well  as  to  (ill  the  ballast  troughis,  are  indispensable. 

Electric  lamps  (of  about  oO  ampiresj  are  very  useful  for  exploring  the 
ice,  banks  etc. 

The  breaking  of  Uie  ice  properly  so  called  is  however  accomplished  at 
night  with  diflkulty  by  electric  light. 

The  lifting  by  steamers  placed  astern  of  the  ioe-breakers  at  work, 
which  only  one  or  at  most  two  steam  rrp  can  manage,  is  not  sufficient 
when  extensive  fields  of  ice  have  to  be  dislodged,  as  in  this  case  the  ice- 
breakers have  to  make  rapid  backward  movements. 

Ice-breakinir  boats  <!annot  work  by  their  own  lisrht  while  attacking  the 
ice;  partly  because  collisions  would  be  inevitable  on  account  of  the  differ- 
eut  effects  of  light,  and  partly  because,  as  experience  has  shown,  the 
steersman  is  blinded  by  the  light  of  his  own  vessel  which  must  be  in 
ftont  of  him.  Boalanm  siso  work  more  willingly  without  electric  light. 

7.  TANK$. 

Tuiks  of  water  at  the  stem  and  stem  of  the  boat  have  be«i  found 
very  effective  in  changing  expeditiously  the  ()Osition  of  the  water-line. 
The  attempt  to  replace  the  water  ballast  by  diains  has  not  been  sue- 
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oemftil,  the  appaiatos  working  with  too  much  difficulty.  MoreoTBT,  in  caws 
of  neoeraity,  in  shallow  water,  it  is  difficult  and  even  impoMihle  to 

remove  the  chain?. 

Neverthelet^^^  it  will  be  ncce-ssary  to  heat  the  water  in  the  tanks  by 
meauB  of  steam  pipes  to  guard  against  the  frost. 

ft.  eOlHPMENT  OF  BOATS. 

Solid  bulwarkts  connected  directly  ^nth  the  hull  are  preferable  to  rail inyn 
in  the  form  of  a  balustrade,  because  the  deck  is  thus  better  protected 
from  frost  and  the  resisting  power  is  really  greater. 

No  deck  cabins  should  be  doee  to  the  bulwarks.  loe  lannchee  (snp* 
plementary  lannohea)  with  flat  bottMns  axe  prefiarable  to  launches 
with  keels,  beeaase  they  can  be  moved  on  die  snrfiuse  of  the  ice.  How- 
evOT,  caie  should  be  taken  fliat  they  sie  easy  of  manipnlatioD  and 
Bnp{>ension  on  davits  by  means  of  nmning  tackle.  It  also  necessary  to 
protect  the  ship's  sides  by  heavv  gnnwalee  it  is  effective  to  pro- 
vide the  Htetu  and  the  stern  with  large  and  strong  fenders  of  tarred 
Manila  hemp. 

There  is  room  in  the  ice-breaker  for  quarters  for  the  master,  the  engi- 
neer and  the  crew. 

The  laigest  ioe-breakeiB  also  have  a  slee^ng  berth  and  a  room  fox 
the  en^neer  who  directs  the  moTements. 

0.  OUTLAY  NECESSABY. 

The  original  cost  of  the  ice-breakers  of  the  Pnuaian  Administiation 
amonnted  to  488500  marks.  That  of  the  Hamburg  ice-breakers,  which  are 

much  more  strongly  built,  amounted  to  1564000  matks. 

The  cost  of  each  ice-breaker,  the  year  of  its  oonstraction,  the  rcspeo* 
tivo  dimensions  of  the  boate,  boilers,  engines,  consumption  of  fuel  etc. 

are  indicated : 

a.  For  the  ice-breakers  of  the  Prussian  Administration  of  Works  on 
the  Elbe  in  annex  A; 

6.  For  the  ioe-breaken  of  the  Hambnig  Administrations  of  Works  on 
the  Elbe  in  annex  B, 

10.  W0RKiN6  EXPENSES. 

The  working  expenses  of  these  steamers  incurred  exclusively  in  the 

ice  clearing  ger\nce  during  four  monthn  (fnun  1*^'  December  to  1"'  April) 
are  borne  by  the  Prussian  and  Hamburg  Administrations  respectively. 
The  expeu8t'6  are  distributed  as  follows: 

I.  For  the  ice-breakers  belonging  to  the  Prussian  Administration, 
Dating  tb*  wmtw  tt  itM-M  ImoiukdimmlMn  MiOo  n. 
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The  sum  of  16000  M.  paid  to  the  military  engineers  for  the  partial 
sawing     the  ioe  is  included  in  this  amount. 

l>iiriu«  tho  wiut«r  of  li»l-93  lo  round  uamlMnra  SIM  K. 


During  this  last  long  and  severe  winter  the  ice-breakers  were  for  the 
first  time  all  at  work  togsthar. 

During  last  winter,  1893—94,  when  the  bearing  service  was  of  short 
duration,  the  workii^  expenses  of  the  Prusnan  ice-breakers  were  only 

25000  M. 
II.  For  the  Hamburg  ice-breakers, 

a.  The  iee-breakerr^  I,  H,  III  and  „Elbe"  which  worked  on  the  lower 
Elbe  below  Hamburg: 


DartBg  tbe  wlat«r  otj  M88-8i  In  roaad  niuulien 
tm-M 

1885 
^  W8ft-87 

lev-bnafeer  I  ud  U  | 

1W»  90 
1««0-91  • 

UM-n 


mm  M. 


■js«no  . 
aaooo  t. 


amoo  . 
snoo  • 

SIMO  1 


nam 


During  this  last  winter  all  the  Hamburg  ioe-breakere  I,  II,  III  and 

„EIbe"  were  engaged. 

6.  The  ice-breakers  „Hofe",  „Sira8ou"  and  „Move"  which  worked  on 
the  Northern  Elbe  and  in  the  port  of  Hamburg: 


Dnnii^'  th"  wmtt-r  In  round  numliem 


La«t  winter,  1893 — 94,  the  TTambnrp  ice-bre<ikor^  mentioned  under  a 
required  about  44400  M.;  those  under  b  about  21000  M.,  in  round  num- 
bers t>5400  M.  It  must  nho  be  ()bserve<l  that  for  the  Hamburg  iee-breakers 
„SimBon",  „Hofe"  and  „Muve''  uo  particular  account  wa-s  kept  for  the 
time  during  which  they  were  employed  for  clearing  away  ice,  for  they 
are  used  all  the  year  round;  hut  the  sum  indicated  above  corresponds  to 
the  working  expenses  of  the  boats  during  the  space  of  four  months  (fnmi 
1"'  December  to  1«*  April). 

The  working  expenses  of  the  Hamburg  ice-breakers  were  last  winter 
greater  thiin  those  of  the  Prussian  AdniiniBtration.  The  reason  of  this  is 
that  the  H:iiiil)urg  boat.s  went  to  work  at  the  commencement  of  the  frost, 
while  the  Prussian  boats  worked  only  during  a  period  of  ten  days. 


(TkmndatBd  by  Fbancii  A.  Ouvbr). 
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MEANS  FOR  PREVENTING  ICE  BLOCKADES 

(Methods  adopted  on  the  Seine), 

REPORT 

BT 

M.  CAME  EE, 

luif^iiiour  on  chef  dea  PuliU  rt  Cbau<ui6<*«,  a  Vari». 


Navigation  on  the  Swie  is  made  possible  by  the  employment  of  move- 
able dams  and  these  are  opened  in  time  of  firoet  it  ibUows  that 
navigation  is  neoc9,«arily  suspended. 

In  these  cinnmistaiiceH  the  only  means  taken  for  the  removal  of  the 
ice  from  this  river  during  hard  frosts  imve  fur  their  object  the  protection 
of  the  navigation  plant  and  the  craft  lying  in  the  river  and  the  d«etroo- 
timi  Kit  dangeions  ice-'fieUto, 

Thii  woAt  generally  managed  by  the  employ^  of  the  navigation  eer- 
vioe,  assisted  when  necessary  by  additiotial  workmen,  for  the  breaking 
and  clearing  away  of  the  ice,  only  allows  of  the  use  of  wherries,  axes, 
boat  hookR  etc..  extremely  simple  means,  which  have  always  been  found 
sufficiently  effective. 

During  the  severe  winter  of  1890—91,  the  interruption  of  navigation 
being  exceptionally  prolonged  (1),  the  shippuig  services  on  the  Seine 
between  Fkris  and  Rouen  were  induced  at  the  uigent  requoet  of  the  navy 
to  attempt  some  operations  on  a  large  scale  for  the  removal  of  the  ice, 
in  order  to  hasten  the  xeooromenoement  of  navigation  as  eoon  after  the 
thaw  as  possible  and  at  the  Biime  time  to  ensure  the  destruction  of  the 
masses  of  ice  which  threatened  tlie  constrtji  tivn  works  —  sluicra.  dams 
and  bridges  —  and  the  protection  of  the  crait  and  numerous  Aoating 
plant  in  the  immediate  neighbourhood  of  Paris. 

(1)  From  OoMmber  iV^  1800  to  Janmry  HB^  1891,  or  43  dayi. 
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We  propose  to  give  some  account  of  these  operatiouB,  dwelling  onlv 
itt  order  to  avoid  nnheovMaiy  repititions  upon  those  which  preeanted 
certain  peciiliarities  in  the  methods  pursued. 

In  order  to  be  able  to  make  dear  uniler  what  couditiuns  of  U'mpera^ 
lure  these  operations  were  effected,  we  have  indicated  on  I'late  I  the 
daily  curves  of  minimum  temperature  observed  during  the  period  inclu- 
ded between  December  4t*>  1890  and  Jaauaxy  26<^  1891  (at  two  points 
on  the  lower  Seine,  viz.  at  the  locks  of  BoQgival,  kilometre  48^  and  at 
the  looks  of  St.  Aubin,  kilometie  217.00). 

BRIDGE  OF  ASNlCRES  AND  THE  BRANCH  STREAM  OF  PUTEAUX. 

On  January  10"'  1801  the  ntivijjahle  branch  of  the  ?>eine,  which  keeps 
near  the  left  bank  and  is  known  as  the  Futeaux  branch,  was  froxen 
between  kilometie  17.60  (000  m.  below  the  dam  of  SnieBDea)  and  kilo- 
metre 21.30,  that  is  over  a  dietanoe  3.70  kilomekree,  the  parfc  situated 
below  the  bridge  of  Courlievoie  being  especially  blocked  hy  an  ice-bank; 

for  the  little  branch  on  the  right  bank,  eallerl  the  Heiiilly  branch, 
it  was  entirely  frozen  from  below  the  dam  of  8uresne»  to  ttie  lie  de  la 
Grande  Jatte,  or  ovw  a  distance  of  4.90  kilometres  (Plate  II). 

The  ioe  on  the  small  brandi  was  at  this  point  connected  irith  tha 
ice-bank  that  covcre<l  the  whole  river  between  kilometre  22  and  the 
brirlire  nf  the  Ouept  railway  al  Asnit'^res,  over  a  length  of  about  BDtl  m. 
and  a  width  oi  l  iU  Di.  Thid  bank  was  composed  of  ice  formed  at  this  point 
and  by  numerous  pieces  brought  down  from  up  stream  at  the  oommenee- 
meht  of  a  thaw;  its  thickness,  very  inconsideiable  near  the  shore,  especi- 
ally at  the  right  bank,  increased  over  two  thirds  of  the  width,  where  it 
renehri!  2  ni.  or  2.50  m.,  to  decrease  again  towards  the  left  bank  near 
wiiich  it  became  very  irregular. 

As  regards  its  formation  this  ice-bank  was  composed  of  a  layer  of 
strong  ice  0.15  or  0.25  m.  thick,  from  under  which  pieces  of  ice  emeiged, 
generally  on  the  up  stream  side,  at  an  anrrle  of  '50°,  forming  projections 
of  O.W)  or  0.70  xn.,  and  below  this  layer  the  thickness  wa.s  increaHed  by  a 
nia^  of  fragments  more  or  less  welded  together  and  mingled  with  a 
quantity  of  roiton  ice. 

In  order  to  get  rid  of  this  ice-bank  which  by  stopping  the  flow  of  ice 
from  up  stream  might  at  any  moment  become  dangerons  for  the  railway- 
bridge,  recourse  was  had  to  the  simultaneous  employment  of  ice-breaking 
boats  worked  by  gangs  of  workmen  and  blasting  superintended  by  a 
detschment  of  military  Engineers. 

The  ice  being  thinner  on  the  right  the  first  operation  was  to  dig  a 
channel  altinp;  this  bank  by  means  of  a  5imp]e  Norman  wherry  suitably 
plated  with  iron  (Plate  III)  hauled  along  by  four  horses,  twelve  men 
giving  it  a  heavy  rolling  movement. 


iJiyilizuo  by  CaOOgle 


3 


This  cbannel  being  once  open  the  ice-buik  proper  was  next  attacked 
and  after  a  few  pnliminaiy  attempte  to  aaoevtain  the  meat  advaiitaKeoua 
manner  of  employing  the  expladfeB,  the  plan  that  we  aw  about  to 

describe  was  determined  on. 

In  a  line  parallel  to  the  open  channel  holes  0.40  deep  wore  dug  in  the 
ice  by  means  of  pickaxes  at  a  distance  of  3  or  3.50  m.  apart.  In  these 
were  plaoed  ohavgea  oompoeed  of  two  pHatd$  or  cartridgee  of  melinite. 

The  chaigea  were  connected  by  means  of  fiuos  whidi  were  nnited  by 
one  flinple  fuse  ending  in  a  Rickfoni  mntr}! 

From  this  main  line  of  fuses  transversti  liucii  at  every  30  or  40  m. 
connected  a  eeries  of  charges  arranged  like  the  fliat. 

All  tbeee  ohargee  and  fbaea  were  covered  with  broken  ice  by  way  of 
\fmfh%  and  where  the  ice  was  uneven  the  surface  waa  cut  away. 

When  the  Bickford  match  waa  fired  all  tlie  charges  went  off  at  the 
same  tiuie  and  thanks  to  their  action  and  that  of  the  fuse  slices  WO  m. 
long  by  15  or  18  m.  wide  were  detached  from  the  ice-bank  and  were 
BulSdmitly  dielodged  by  the  tmnaverae  chargee  for  them  to  be  able  to 
paes  through  the  archee  of  the  bridge ;  this  movement  was  superintended 
and  assisted  when  necessary  by  a  small  stt  ainer,  tlu^  Jeannt,  of  80  hOHM- 
power,  protected  in  the  bows  by  metal  plating  (Flate  V). 

Nearer  the  left  bank  where  tilie  ioe  waa  not  «0  thick  it  waa  auffidentto 
dislodge  it  to  empby  duogee  of  one  pdlard  only  placed  at  intervale  of 
8  m.  from  one  another  in  cavities  6  or  7  centimetres  deep. 

The  destruction  of  this  ice-bank  being  completed  on  ihc  20"'  Jantiiiry, 
the  opening  of  the  channel  in  the  Puteaux  branch  was  commenced  the 
nest  day. 

The  ioe  npon  thia  Immoh  extended  over  3.70  kilometrea  and  was  0.20 
or  0.80  m.  thick  witfiout  counting  the  loose  pieces  aooqmniated  i>elow 
and  separated  by  a  quantity  of  Hlush ;  as  for  the  portions  of  the  blocks 
which  rose  above  the  surface,  in  conaequeoce  of  their  exposure  to  the 
sir,  they  had  become  poromt  and  eaeily  crambled  away. 

Along  the  left  bank  the  ioe  wae  thin  and  in  eome  places  there  waa 
open  water  in  ooaeaqnence  of  the  presence  of  numerona  drains  some  of 
which  conveyed  warm  water  frtjui  fuctorins. 

The  ice-bank  which  blocked  the  lower  part  of  the  branch  was  compo.sed 
of  flakee  of  ioe  which  had  settled  at  an  angle  of  W  down  strwm, 
while  up  stream  .having  met  with  no  pressure  they  remained  horizontal. 

The  means  employed  for  the  removal  of  the  use  from  this  brandi, 
without  enteiinp  into  details,  were  as  follows: 

I.  A  channel  towards  the  middle  of  the  branch  was  opened  by  means 
of  charges  connected  by  a  main  line  of  fbses  25  or  80  m.  kmg,  armnged 
as  for  the  ice-bank  at  the  bridge  of  Asniires,  without  having  recourse  to 
transven^e  lines  except  when  the  width  of  the  river  required  it  or  to 
pitanU  placed  on  the  Bui&ce  except  where  the  ice  was  thin. 
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2.  A  atemaer  suitably  protected  waa  made  to  pass  up  and  down  in 
Hm  ehAnnel  pMpared  hy  tbe  raelanite  and  by  meam  of  thia  boat  and  a 
whenry  the  complete  breaking  up  of  the  detecbad  blocks  was  effected. 

By  proceeding  in  this  w;iy  \hc  wa«  removed  from  the  branch 
stream  <»ver  a  distance  of  2500  m.  during  the  21*^  and  22" '  January  aud 
on  the  23'^'*,  in  consequence  of  the  thaw,  the  steamer  and  the  wberxy 
>nflks«d  to  eomptetaly  claar  the  Puteaux  branch,  a  few  pHard»  however 
being  placed  on  tbe  surface  of  tbe  larger  pieces. 

Briefly,  the  clearing  of  the  navigahle  branch  of  the  Seine  between  tbe 
bridge  ol  Asnieres  and  the  dam  of  Suresnes,  over  a  distance  of  4.30  kilo- 
inetrefi,  requiied  about  one  week*S  wovk  and  cost,  including  the  explo- 
livea  and  the  allowances  made  to  the  men  forming  the  detaehment  (1)  of 
Engineers,  in  Tound  numbers  fr.  15000,  equivalent  to  an  expenditure  of 
fr.  ;'..}0  per  metre  in  distance  down  the  river.  The  destruction  of  the 
ice-bank  at  tbe  bridge  of  Asni^tes  was  included  in  this  sum. 

The  ezploflive  materials  consumed  wen: 


I'u-iridge*  ,      .      .  1047 

PitordM   >ii:i 

Tn»e»   -jaao  m. 

iiulMitMMnif  sao 

BiHtiiic  c^.    ..........  iia 


MARLY  BRANCH. 

The  Marly  branch  with  nn  average  width  of  7')  in.  and  total  lenirth  of 
11  km.  is  cloeed  S  km.  below  its  mouth  by  the  waste-weir  ol  Muriy. 

The  ledge  of  this  coastructum  being  so  high  that  the  water  cannot 
pass  over  it  in  time  of  droogfat,  when  the  dam  of  Beaons  which  helps  it 
to  close  the  dam  of  Bougival  is  oj^en,  the  ice  had  completely  invaded 
thib  liraneh  and  being  deprived  of  all  current  both  above  and  below  the 
dam  of  Marly  had  there  formed  a  covering  for  the  most  part  perfect 
and  tyaosparent  of  an  avenge  thickness  of  0l25  m.,  ooMtitntit^  an  ice- 
field in  the  navigable  branch. 

Under  ihefe  circumstances  it  was  to  be  feared  that  this  ice  when  the 
flood  accompanying  tt>e  tliaw  should  come  would  produce  either 
an  ice-bank  that  would  endanger  the  safety  of  the  dams,  sluices 
and  boats  docked  in  large  numheis  above  the  latter,  ov  an  aoownn- 
lation  of  ice  immediately  below  tbe  Marly  dam,  which  might  pro- 
voke a  considerable  ri«e  in  the  water  followed  by  an  almost  instantaneons 
fall  the  moment  this  oh^tiole  should  be  broken.  Either  of  thew  contin- 
gencies wua  calculated  uj  have  disastrous  cons^uences  both  for  construc- 
tive worics  and  ibr  boats. 


(i)  Thi.i  ilclHchineni  comiunded  by  a  lieatenaot  vonsisted  of  t  non-cominnrioned  oflioer, 
1  CMponil  and  17  tappers. 
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To  pxevant  any  oocufenoe  of  this  Bericms  tmxm  the  following  steps  to 

dear  away  the  ice  were  taken. 

On  Jantiary  26"'  1891  the  opening  of  a  channel  4  m.  wide  waa  begun 
at  the  end  below  the  Marly  bank  by  means  of  blasting  managed  by  a 
detachment  of  engineers  and  axes  and  wherries  worked  by  a  gang  of 
civilians.  This  channel  2  km.  long,  between  kilometrej?  49.30  and  51.30, 
was  finished  on  Jainwry  28**  after  eight  days'  labour. 

On  January  24**>  the  military  detachment  paesed  over  to  the  Seine 
ahore  Bougival  and  oontinaed  the  central  channel  whioh  on  the  SS**^  reached 
as  fiff  as  La  Orenouilli^re  (kilometre  46.50). 

Between  January  21^'  and  25'>>  inclusive  a  gang  of  workmen  by  means 
of  saws  and  ;!xe=>  and  without  tho  aid  of  explosives,  for  fear  of  shaking  the 
neighbouring  worke,  opened  a  central  channel  beginning  at  the  Miirlv 
dam  400  m.  long  with  a  width  of  4  in.  an<i  200  m.  with  a  niinimuin 
width  of  8  m.  Finally  a  branch  was  made  of  the  same  width  which  ter- 
minated at  the  large  lock  of  Bougival  in  order  to  open  a  paSBsge  to  the 
latter  for  the  boats  lying  up  stream  (see  Plate  VT). 

On  January  26^  and  27^,  immediately  before  the  general  breaking  up 
of  the  ice,  the  whole  bank  of  ice  which  covered  the  basin  above  the 
locks  of  Bougival  over  an  area  of  about  oOOO  «q.m.  was  dislodged  by  a 
gang  of  Nvorkmen  on  a  wherry,  a  strong  steam-boat  and  a  few  pitardk 
laid  on  i\w  surface. 

The  following  was  tiie  method  adopted  for  removing  the  ioe  by 
blasting. 

a.  On  wooden  rods  4  m.  long  a  row  of  melinite  cartridges  was  placed 
0.80  to  1.00  m.  apart,  which  were  ocMnpoeed  of  100  to  135  grammes 
a  pieoe  and  connected  by  a  train,  also  of  melinite.  The  rods  made  ready 
on  shore  were  simply  placed  upon  the  ice  where  they  were  jtnned  end  to 

end  PO  as  to  form  lines  50  m.  long. 

The  tamping  wad  fir?it  effected  l>y  covering  them  with  a  cap  ot  earth 
about  0.20  m.  thick,  but  this  eartii  not  being  8uital>le  to  produce  the 
desired  effect  the  rods  were  placed  at  the  bottom  of  a  groove  in  the  ice 
formed  with  ^duxes  which  was  filled  up  with  snow  and  bcoken  ice. 

By  means  of  tiiis  arrangement  which  was  fired  by  a  Bi^ord  match  a 
channel  3.00  or  3.50  m.  wide  was  opMked  in  a  ooating  of  strong  ice 
0.20  to  aaO  m.  thick.  (Plate  VII,  fig.  1.) 

The  fragments  produced  l)y  the  blasting  were  long  in  form  and  numer- 
ous cracks  were  made  in  the  ice  along  the  bank. 

The  pieces  of  ice  in  the  channel  were  next  broken  up  and  got  rid  of 
by  means  of  a  wherry  and  by  men  with  hooks  and  axes,  but  this  opera- 
tion was  ver}'  slow  on  acoount  of  the  abfleoce  of  current. 

Tliia  method  at  once  simple  and  rapid  as  &r  as  the  blssting  was  con- 
cerned had  however  the  inconvenience  of  producing  very  violent  vibra* 
tions  in  the  atmo^hwe  at  the  moment  of  the  explosions,  breaking  the 
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windows  in  housee  nau  11m  river  and  even  at  .a  distance  of  200  m.,  and  in 

fact  entailed  heavy  expen)*e  considering  the  cost  of  the  melinite  cartridge? 
(fr.  12  the  kilo.)  and  fuses  (fr.  0.40  the  metre).  It  was  cons^ueotly  aban* 
doned  after  the  fourth  day  and  replaced  by  the  following: 

b.  lu  the  middle  of  tlie  channel  to  he  opened  holee  were  bored  every 
five  metreB  thiough  which  charges  compoeed  of  five  oartridgee  or  fimr 
melinite  pkard$  were  let  down  below  tilie  ioe  and  wwe  find  by  the 
Bi(M)rd  match. 

The  explosion  of  these  charges  formed  holes  3.50  to  4.00  m.  in  diameter 

(Plate  VIT.  fig.  2),  which  remained  separated  hv  .stripe  of  dislodged  ice 
which  the  workmen  demolished  with  axe?  at  the  same  time  as  they 
regulated  the  pasevige  and  freed  it  from  hroken  fragment-*. 

This  latter  operation  requiring  much  time  the  following  was  substi- 
tnted  for  it : 

e.  At  a  distance  of  6  m.  apart  and  towards  the  middle  of  the  btaxiflli 
stream  two  grooves  were  made  in  the  ioe  0.10  m.  deep;  then  in  the 

centre  of  this  strip  holes  0^20  in  diameter  and  5  m.  apart  were  dug  with 
pickaxes  through  to  the  water  (Plate  VII,  fig.  3).  In  these  holes  0.30  or 
O.'IO  m.  below  the  ice  charges  uf  melinite  of  0.5  kilo,  were  placed.  They  were 
composed  of  live  cartridgen  or  four  pitnrds  fixed  on  a  wooden  rod  to 
which  was  attached  a  Bickford  match  with  a  bloating  cap. 

For  the  sake  of  economy  in  some  places  charges  of  Favier  safety 
powder  were  snbstitated  for  melinite,  as  it  is  much  les8«penflive(fr.  8.26 
the  kUo.)}  even  including  the  increased  wei|^t  of  the  charges  nsoessaiy  to 
obtain  the  same  result  (about  V4  ^ 

Considering  the  less  violent  action  of  this  explosive  the  diaigea  were 
let  down  a  little  lower  than  thowj  of  melinite. 

Each  explosion  completely  dislodged  the  ice  between  the  grooves,  that 
ie  over  a  width  of  5  m.,  and  it  was  sufficient  in  order  to  clear  the  channel 
to  remove  the  fragments  and  rotten  ice  with  boat-hooks. 

In  the  places  where  the  coating  of  ioe  ma  fimned  of  pieces  welded 
together,  as  in  the  brandi  stream  of  Bougival  above  thevUlagcthegtoovea 
could  without  difficulty  be  diapenssd  with. 

By  this  method  a  channel  800  or  900  m.  long  was  opened  up  eveiy 
day  by  a  gang  of  20  soldiers  and  .30  to  36  workmen. 

The  quantity  of  explosives  used  in  the  different  operations  on  the  Bxas 
de  ilarly  by  the  detachment  of  Engineers  was  as  follows : 

M»linU«  ifttarit  or  eartrMgafl)      .     .     .     M»  ktlo. 

Yvwim  powder   IW  • 

BiplMtoni  produoad  war*  Rlwat   ...  an 

Vet  metre  in  distance  of  the  channel  opened  the  ooet  of  explosives 
amounted  to  Ir.  0.75  when  melinite  was  used  and  only  fir.  a40  when 

Favier  powder  was  substituted  for  it. 
As  regards  the  channel  formed  without  bketing  above  the  dam  of 


Digitized  by  Google 


7 


MmAj  and  in  the  nsigbbouriiood  of  the  loAa  <rf  Bov^Tel,  tlie  following 
ie  the  maimer  in  which  it  was  opened. 

By  means  of  stone-saws  (Plate  VII,  fig.  4),  as  shown  in  the  annexed 
sketch,  worked  by  two  men  relieved  every  half  hour  the  ice  was  sawn 
thiMigh  in  pamlld  Unee  4  m.  ^art. 

In  the  stripe  thus  detaofaed  by  means  of  hatohets  CFhite  VII,  fig.  5) 
transverse  tnoches  dlO  ra.  wide  by  1.20  to  1.80  m.  long  weie  out  4  m. 
apart  hy  m^^jins  of  Sftwf  (Plate  VIT,  fig.  6). 

The  bIocki«  of  ice  once  freed  were  pushed  with  boat-books  under  the 
k»  that  remained  intact  at  eaoh  side  of  the  trench. 

It  should  however  be  added  that  this  method  was  only  ^eetivaheoanse 
the  ioe  was  hard  and  strong  and  about  0.25  m.  thick. 

The  trench  in  question,  which  including  its  branch  was  760  m.  long, 
was  made  in  a  day  and  a  hall'  by  2U  workmen  and  cost  fr.  405  in 
]abo«ir,  equivalent  to  fr.  0.60  per  in  length  and  fir.  0-65  including 

the  purdiase  or  lure  of  materiah. 

As  regards  the  cost  this  system  of  clearing  away  the  ioe  is  mnch  more 
economicAl  tlmn  blasting  when  rircnmsfancee  admit  of  it. 

Briefly,  the  work  done  on  the  Bras  de  Marly  which  had  for  result  the 
opening  of  a  otumnel  over  a  distanoe  ui  4J  km.  lasted  12  di^  and  cost 
fr.  M46.74  including  the  allowances  made  to  the  men  of  the  detachment 
of  Bngineus. 

The  average  coat  per  metre  in  length  of  the  channel  therefore  amoun- 
ted to  tr.  1.54. 

LOCK-OAH  OF  M^RWOURT  SANDRANCOURT. 

BetwfM'n  the  IH"'  and  20""  January  a  field  of  ioe  had  formfd  about 
1500  m.  above  the  dam  of  Sandrancourt  (kilometre  117)  over  a  disitance  ot 
more  than  2  km.  (Plate  Vni).  It  was  composed  of  pieces  of  ice  0.20  m. 
thick,  mised.  np  verticslly  in  some  places,  in  others  lying  one  on  the  other 

to  a  height  of  2  or  3  m.  and  closely  welded  togetht  r.  Moreover  the  river 
was  completely  frozen  over  for  a  distance  of  about  10  km.  above  the  dam. 

On  account  of  tiie  bend  in  the  river  this  ice-field  directly  threatened 
the  locks  of  M^riooart  on  the  left  bank  as  well  ae  the  timber  works 
adjoining  them  and  the  dnices  of  the  diannds  above  the  dam. 

The  object  of  the  meaj^ures  taken  to  ward  off  these  dangers  was  to 
detennine  a  line  through  the  liroken  ice  of  less  resistance  towards  the 
right  bank  in  order  to  draw  the  How  of  the  ice  on  this  side  when  the 
thaw  came.  The  operationB  were  commenced  on  the  January  and 
were  terminated  on  the  9S*^.  They  consisted  in  breaking  with  hatchets 
and  with  the  help  of  men  in  boats  the  ice  in  the  immediate  neighbour- 
hood of  the  dam  and  in  opening  over  a  distance  of  more  than  one  kilo- 
metre above  the  deep  channels  and  across  the  ice-bank  a  channel  20  to 
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dO  m.  wide.  To  acoomplish  this  exploeives  were  let  down  thioagh  the 
ice  and  a<;  has  been  said  above  boata  went  to  work  wheze  raptara  were 
produced  by  the  blasting. 

This  work  was  accomplished  with  the  help  of  a  detachment  of  Eogi- 
neer»  and  a  gang  of  12  workmen. 

The  qtuntity  of  exfAoAwB  employed  wm  about  50  kOo.  of  Favier 
powder  and  10  kilo,  of  meUuite. 

The  ooBt  iodnding  the  allowanees  made  to  the  men  of  the  detach- 
ment (1)  of  Engineers  amounted  to  fr.  150000. 

The  result  aimed  at  was  perfectly  realised  and  upon  the  brealciiig  up 
of  the  ice  the  fragments  flowed  on  to  the  right  bank. 

Considering  only  the  length  of  the  channel  opened  the  expense  was 
fr.  1.50  per  metre,  but  as  a  matter  of  fact  the  area  of  the  ice  destroyed 
was  not  less  than  40000  sq.m.  and  that  of  the  coating  which  covered  the 
river  over  a  distance  of  10  km.  above  the  dam  and  which  flowed  through 
the  channel  whm  the  ice  broke  tip  exceeded  200000  eq.m. 

LOCKED  BRANCH  OF  AIIFREVILI.E-SOU8-IX0  MOMT8. 

As  the  h>cked  branch  of  AmfrevUIe-sons-lee-montB  (Plate  IX)  pfeeente 
a  length  of  1900  m.  and  a  width  of  50  m.,  except  doee  to  the  alnicee 

wheie  it  is  as  much  as  80  m.,  and  the  ice  which  forms  on  it  can  only  be 
cleared  away  throngh  the  locks,  it  was  of  the  highest  importance  not  to 
let  tiie  pieces  freeze  togetiier,  for  to  remove  the  ice  after  the  thaw  might 
cause  a  delay  of  10  to  lo  day^i  in  ih*'.  reopening  of  navigation. 

From  H'^''  December  to  16'^  January  the  ice  was  broken  an  fatst  as 
it  formed,  boats  noanned  with  men  anuAd  with  boat-hooks  and  azee  and 
an  ice-breaking  boat  made  oat  of  a  large  Norman  whmry  aimed  with 
■trong  plates  of  iron  (Plate  X)  being  made  to  sail  up  and  down.  This 
boat  with  men  on  board  was  towed  by  horses  and  according  to  the  cir> 
cumstances  went  to  work  as  follows  : 

The  men  being  placed  astern  the  boat  was  haiile<l  so  m  to  slide  her 
l>owH  on  to  the  surface  of  the  ice.  All  the  men  then  went  forward  and 
by  keeping  time  in  a  series  of  jumps  caused  the  ice  supporting  the  ix>at 
to  ^ve  way  and  cracked  that  which  remained  still  iiut. 

Now  if  these  cmcks  were  suiBdently  pronounced  the  boat  was  set  going 
in  the  direction  of  one  of  them  and  the  men  (m  board  giving  her  a 
heavy  rolling  movement  an  energetic  motion  was  set  up  in  the  water 
whi(  h  caused  numerous  cracks  in  the  ice  in  every  directbn  and  at  oonsi* 
deiable  distances. 


(1)  This  detacbmcnt  oomnwnied  by  1  Umitenant  wai  oompMed  of  1  noa<eoiniiUaiioBed 
ofBcar  and  5  a^ppar*. 
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All  the  fragments  thus  produced,  after  being  sufficiently  broken,  wwe 
then  passed  throu$^}i  the  lockp. 

Tliese  means  becoming  ineullicient  recourse  was  had  ouUie  l?'**  January 
to  blasting  eiliiuted  by  a  detachment  (1)  of  Engineers. 

By  this  time  the  ice  covered  the  whole  of  the  branch  of  Ampreville 
and  pneented  a  thickneaa  varying  from  0.86  to  0.50  m.  Hie  upper  anr* 
fiuse  was  fiurly  united,  but  below  were  some  loose  fiagments  which  in 
some  plaees  fonned  a  total  thiokneas  of  1.60  m. 

The  following  were  the  arrangements  employed  for  breaking  the  ice 
(Plate  XI). 

On  wooden  rods  5  m.  long  were  placed  at  equal  distanees  nnart  charges 
composed,  at  the  ends,  of  1  cartridge  of  melinite  and  two  cartridges  of 
dynamite ;  the  other  charges  were  formed  of  one  cartridge  of  dynamite, 
except  the  fifth  from  the  cap  which  was  composed  of  a  cartridge  of 
mflfinite. 

All  these  charges  were  oonneeted  by  a  fuss  one  metre  longer  than  the 
rods  that  it  might  be  attached  to  a  line  of  the  same  subetanoe. 

Bach  arrangement  was  composed  of  6  rods,  the  4  in  the  middle  being 
in  a  straight  line  and  the  first  and  the  last  being  inclined  to  it  like  the 

sides  of  a  trapeze. 

These  rods  were  placed  charge  downwards  in  trenches  7  or  8  centi- 
metres wide  and  the  whole  was  covered  with  fine  sand  by  way  of 
tamping. 

The  explosion  of  these  charges  caused  the  separation  of  slices  of  ice  as 
much  as  40  m.  in  length  and  12  to  15  m.  wide,  bat  in  general  on 

act  onnt  of  the  sluices  it  was  sought  to  obtain  smaller  pieces. 

The  connecting  fuse  having  failed  the  work  was  continued  in  isolated 
charges  cf>inposed  of  2  or  3  pitanis  or  cartridpes  let  tbmiKj'h  t^:»  tlie  water 
in  holes  bored  in  the  ice  3  m.  apart;  these  charges  were  primed  with  a 
Bickford  fuse.  • 

The  clearing  away  of  the  ice  from  the  branch  stream  at  Ampreville- 
sotts>les-monia  was  completed  on  21*^  January  by  the  detachment  of  Engin- 
eers with  the  help  of  a  gBI^$  of  4  workmen. 

The  quantity  of  explosives  used  was: 


MdfidM   » Xff. 

DynamiM    .      .      .      i     .      .  40  < 

FUM   aw  M. 

Btokfoid  fHM   10  • 

BIhUb«  mf   10» 


The  cost  including  the  allowances  made  to  the  detachment  of  Bngin* 
eers  amounted  to  fr.  772.00,  representing  an  expenditure  of  ft,  0.40  per 

(1)  Thi.<«  deuchoMnt  eaminMi4«d  by  a  li«ut«imnt  wis  composed  of  t  non-commisaioiMd 
officer  and  5  sappon. 
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metre  in  length  ol  a  channel  1900  m,  long  with  an  ftVAiage  width 
of  30  m. 

THE  REACH  OF  ROUEN. 

On  the  22"  '  December  1890  the  niovement  of  boats  on  the  Rouen 
reach,  the  depth  of  which  is  not  secured  by  any  dam,  but  is  sus* 
ceptible  to  the  changea  in  the  tide,  waa  no  longer  sufficient  to  keep  the 
channel  free.  At  this  time  the  whole  Seine  waa  frown  from  Slbenf  to 
Rouen,  ice-banks  bad  formed  at  the  bridge  of  Brouilly  in  front  of  Mitom 
and  St.  Etienne  du  Rouvray,  and  lastly  at  Oissel  a  field  of  ioe  stretched 
between  kilometres  22G  and  232  and  held  £aat  the  bridge  of  the  railroad 
from  Paris  to  Ronen  (Plate  XII). 

Thrct'  steamboiita  the  J.-'ord  (300  liorso  power  ),  the  Agts-tjiUmt  (60  h.  p.) 
and  the  Uirondeile  (50  b.  p.j  were  then  set  to  work  to  break  the  ice 
They  wwe  aimed  to  proteoi  their  bowa  with  ahielda  pkced  at  Ilia  lerei 
of  the  water  line.  That  of  the  EmmdOk  in  particular  (Plate  XIII)  was 
Ibnned  of  a  layer  of  wood  0.80  m.  thidc  in  tiie  form  of  a  V  embnt- 
Cing  the  stem  and  covered  with  sheet  steel  10  mm.  thick,  0.50  m.  high 
and  2  m.  long,  lengthened  on  each  aide  by  a  sheet  of  iron  0.07  by 
1.50  m. 

The.-^c  boats  broke  thf  ice  either  by  penetrating  by  main  force  or  by 
the  agitation  they  produced  in  the  water  without  oociisioiiiug  any  damage 
to  the  banks  by  their  moveuienti  Htraighl  ahead  followed  by  abrupt 
movementa  astmi,  which  by  causing  an  upheaval  in  the  water  followed 
by  a  rapid  dspresoion  had  a  very  powerfully  destructive  action  on  the  ice. 

Moreover  these  operations  could  only  be  performed  during  the  ebb-tide, 
for  during  tiie  flood  the  broken  ice  could  not  flow  away. 

The  length  of  various  ice-banks  destroyed  in  this  way  every  day  over 
the  full  navigable  extent  of  the  braneli  varied  from  2-50  to  500  m.  accord- 
ing to  the  thickness  of  flie  ice,  which  iu  aume  places  was  0.55  m. 

The  boats  in  question  were  also  employed  every  day  between  Oitisel 
and  Rouen  for  breaking  the  ice  which  kept  on  forming  in  the  trench, 
the  thicknen  of  which  was  about  0.02  m.,  as  well  as  the  banks  d  ice 
which  were  formed  by  the  effect  of  the  tide. 

Thanks  to  these  mameuvres  and  the  use  when  the  general  breaking  up 
of  the  ice  took  place  of  some  petards  of  Favier  powder  (3i>60  kg.  in  all) 
placed  on  the  surface  of  the  larger  blocks  to  i^plit  thi  in  np,  the  ice  waa 
carrieil  away  with  the  greatrst  ease  on  'if'  January  ISill  without  any 
damage  bein^x  lione  either  to  the  bridge  of  Ois-sel  or  the  bridg*:  of  Brouilly. 

The  cost  of  clearing  away  the  ice  from  the  reach  of  Rouen  amounted 
to  fr.  2886.60  including  the  ezpenaes  incurred  by  the  ateam^boats,  whidk 
however  were  only  employed  28  days  between  22**^  December  1800  and 
24"^  January  1891. 

Considering  only  the  portion     the  river  incluiled  between  the  ice'field 
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aKnve  Omei  and  the  port  of  BrouUly  (13  km.)  the  ooet  of  clearing  away 

the  ice  per  metre  in  length  amounted  only  U>  fir.  0.22,  but  it  Bhoald  be 
added  that  if  this  expenditure  was  sufficient  to  ensure  a  rapid  disappear- 
ance of  the  ic<  without  accident,  it  failed  to  maintain  a  channel  cons- 
tantly free  l>et\vt'«'ii  iumi  ii  and  Oissel.  This  however  it  was  not  Bought  to 
do  the  navigation  being  at  this  time  interrupted  between  Paris  and  Rouen 
on  account  of  the  locks  being  open  for  the  passage  of  the  ioe ;  moreover 
the  ateamen  employed  wore  not  strongly  enough  built  for  each  operations 
and  frequently  were  damaged. 

i»ORT  OF  ROUEN. 

Daring  the  winter  of  1890 — ^91  the  sea-port  of  Rouen  was  in  no  part 
blodced  with  ice,  but  this  was  not  the  case  with  the  river-port  wheie  the  ice 
from  up  skrenm  was  inclined  in  difbrent  places  to  form  fields  of  ice, 
espedally  above  tiie  bridge  of  Boieldieu  and  the  bridge  of  Bnmilly ;  also 
the  titnber  and  petroleum  docks  were  frosen  over  and  the  ice  was  fiurly 
thick  (Phdv  XII). 

The  icp-fields  in  the  river-port  being  a  nature  calculated  not  only  to 
interfere  with  the  river  navigation,  but  alno  to  endanger  the  safetv  of  the 
boats  and  bridges  when  th^  ice  should  break  up  on  the  Seine,  armuunxi 
Steamboats  were  employed  to  dear  it  away  as  fikst  as  it  should  torrn. 

As  regards  the  ice  in  the  timber  dock,  which  it  was  desirable  to 
employ  for  the  river  boats,  and  in  the  petroleum  dock,  the  entrance  and 
outlet  to  which  had  to  be  kept  free,  it  was  found  possible  to  ged  rid  of 
it  by  cutting  it  into  large  and  regular  blocks  by  means  of  pickaxes; 
thef«e  were  towed  into  the  channel  and  care  was  taken  to  break  them 
with  the  lug  before  abandoning  them  to  the  current  (1). 

During  the  winter  of  1890—01,  no  ice-field  was  produced  on  the  Seine 
below  Rouen,  except  opposite  Caumont  in  a  contracted  part  of  the  river. 

This  field  of  ice  due  probably  to  the  too  energetic  clearing  away  of 
the  ice  in  the  port  of  Rouen  and  the  reach  above  the  town,  an  opnation 
whidi  on  this  account  had  to  be  momentarily  suspended,  did  not  jne- 
vent  the  navigation  of  sea-gning  vessels.  However,  as  this  might  have  re- 
sulted had  the  firoet  continued,  it  was  attacked  down  slrcam  by  steam- 
hoatK  during  the  ebb,  so  as  to  ensure  the  broken  ice  being  carried 
down  by  the  current. 

The  expeuFC  incurred  by  the  port  of  Rouen  in  the  clearing  away  of 
the  ice  amount^  in  round  numbers  to  fr.  4000. 


{\)  The  service  of  the  poi-t  of  Boueti  possenea  at  preaent  one  strong  tu^,  the  Edouard 
Laooitute  (800  b.  p.),  which  tmn  be  providad  with  a  nunk  iwotflcting  the  bom  and 
which  hrmk»  the  ice  witheni  the  pravion  uae  of  pJckaiet. 
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CONCLUSION. 

It  remlis  from  tJie  different  examples  toe  luive  dial  of  the  opercUions  for 
dmng  away  Ikt  ice  from  the  Seine  during  the  teeere  vkUer  of  1890—91, 
thai  a  dumnel  may  he  opened  in  iee  0.50  thick  and  tn  ic&-fidd»  or  ftonto 
S.O0  m.  (Aieft  by  hoeing  reeowree  to  iee4treaking  boat*,  UaeUng  or  eamngy  or 

In/  (he  slmultaineouo  we  of  these  different  methods;  but  the  cUaring  of  the 
channel  cannot  be  satisfacforilt/  effected  tinlesH  the  opercdiam  are  conducted 
when  the  temperature  i.s  ri-sing  nml  the  thaiv  5>  at  hand. 

The  cost  oj  opn-atinm  of  thu  nature  cannot  he  firfd,  ns  it  varies  greatUj 
according  to  the  local  circumstances^  but  U  seems  as  Jar  as  nta}i  he  gathered 
from  the  feu  exporimenlte  ^eoted  that  the  methode  baeed  on  the  employment  of 
meehanietU  meome  «mcA  aa  ieotreaking  boaie  and  etpeciaUy  the  saw  gwe 
rsmlte  mare  eeonemeal  thatn  and  a»  rapid  a$  (Aow  oUained  by  Naeling. 

The  latter  method  hovmer  ft  partieolarly  eervieeBSde  wAen  tt  is  required  to 
rapUiy  dislodge  thick  masses  of  broken  pieces  more  or  less  welded  together 
forming  ice-banhs  or  Jields  irhich  threaten  the  mfeti)  of  constnictive  trorks,  but 
it  is  neeemary  at  the  same  time  to  cmpUry  boats  and  gangfi  of  tcorkmen  to 
ensure  the  breaking  up  and  rcTncval  of  the  fragments  produe&i  by  the 
blaeting, 

Translaud  by  t^RANCM  A.  Oliver. 
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ElevatioB. 
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t'hfne. 

RAUm  d«  0,B  M  milraa. 

PLAKCHE  IT. 

D^kfAgie  de  la  Seine,  en  amont 

ien  ponti  d*A8ni^re!«. 
Croqnis  indiqtiant  la  diapoeition 

ien  oxploaifa. 
EmbAoIflk 

Couohe  pen  dpniaee. 

Hnnqtiise. 

Partie  d^blay^>  h  Paide  de  bateaux. 
PLANCHE  XI. 

Degla^age  do  I»  d<rit«ti«D  d*Aiii> 

freTiUe. 


BLATT  I. 

Wahnrnd  d«T  Ki»p<»ri(Mln  1890/91 
ta^lioh  beobachtete  Miaima)- 
temperatureu. 

Jahr.  —  Ifonat.  —  Taf . 

JiLATT  II,  VI,  Vlii,  l.\,  XII. 

OHeues  Was»er. 
Zugefrorene  Strecken. 
IStttaad. 

PLATT  III. 

>  ormAnnigcher  Kahn,  welchor  obcr- 
b&lb  der  BrQoken  TOn  Asai^ree 
•Is  £iebv»olier  bmrotst  wnrde. 

FUelienriM. 
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Boniwiinrle  und  Beden. 
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Bodenetfieke  von  0^  in  der  Mitte. 

Hittelbalken. 

Dieke. 

BLATT  IV. 

Enteisnng  der  Seine  oherbalb  der 

Briloktm  von  AsiiifTeHi. 
Die   Yortheilnng  der  Sprengla* 
dungen. 

DOnnee  Eie. 

Eisbank. 

Mittels  Bohiffen  euteiiter  Theil. 

BLATT  XL 

EnteiHUDf^  dea  SeitotUtfOWB  Ton 
Amfreville. 


FLATE.  1. 

Minimum   tinqu'ratin'oH  obaerved 
every  day  during  the  period  of 
ice,  1890—1891. 
Tears.  —  Months.  —  Days. 

PLATES  11.  Yl,  Viil,  IX,  XII. 

Open  water. 

River  covered  with  fluating  iou. 
River  eorered  wifh  maasae  of  ioe. 

PLATE  in. 

Norman  whcrriea  employed  as  ice- 
breakeiB  abore  tlie  bridges  of 
Asaiires. 

Projection. 

Yiew. 
Slieet  iron. 

Detaili  of  the  gunw«le. 

Seelion  fo]l«>^^iIlLc  a...b. 
PliiTikiog  and  bottom. 
Uak. 

Bottom  bars  0.6  in  the  middle. 

Croes  ban. 

TJiioknoM. 

PLATE  IT. 

CSleariog  of  iee  firom  the  Seine  nbOTo 

the  bridges  of  Asni^ree. 
Skoti^h  indicating  the  arrange ment 

ul'  explosives. 
Ioe»Aoe. 
Thin  eorering. 
Bank  of  ice. 

Portion  cleared  by  means  of  boats. 
PLATE  XL 

Clearing  of  ioe  from  the  branoh- 
stream  of  Amfrerille. 
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Detail  de  la  repartition  dM  oluurget 

Bur  obaque  tringle. 
Cordeaa  dMonant. 
Diipoaitif  oompreiuiiit  «x  tringlesb 

PLANGHE  Y. 


PLANC5HE  VII. 

FIj.  I.  Cheiial  (nivfrt  an  TnoytMt 
de  ohopeletii  de  c'artuuchc;^  n-unin 
par  un  oordeau  d^tonaitt. 

Fig.  2.  EntuniiuirH  pruduit.t  par 
de»  charges  descenduen  dan^i  (U:^ 
furi^;e:3  crou!)<^s  dan»  la  glace. 

fig.  3.   Diiipu.'titir  d'oxplosifs  avec 

for«;r«>«.  I't  rainnr<  'i  Int-'rah-ii. 
Kaiuuro  prHtitpii>)  a  la  hachu. 
Fig.  4.  8cie  II  pierra  tendre. 
Dents. 

Fig  5.  FlHclie. 

Fig.  6.  iiiHputtitiuns  tU'>i  opuratioob 
d^une  tranchc-v  &  la  m'io. 

PLANCUE  \. 

Bachot  nurinand  i>mpluye  comme 
bi  i<'i<-;>IaoeH  daa«  la  d^rivatioil 
d'Amfruville. 

PUn  aup^tour  (1«  pisnoher  enlevtV 

Blindag«  an  Mle. 
Coupe. 


Anbringung  der  Sprengladangeo 

aui  Loisten. 
ZflndiMhiiur. 

ZwwiBmeii«telliuig  Ton  aeohs  Lei- 
■ton. 

BLATT  V. 


BLATT  Vn. 

Fig  I.  Kiiiiii'.  gwJfFnot  vi'rmirN  Ut 
Patronunkrftnzen,  welohc  durcb 
ZfflndMhiiare  unter  eiiwoder  rer- 
bunden. 

Fig.  2.  Trichtcr,  erziclt  durcli  La- 
dungen,  w«doho  durch  in  daH 
Eii  guinaohtc  Buhrlochur  vt>r- 
Mnkt  wurdeo. 

Fig.  3k  Seitlioho  Kin^olinittn  und 
Bolirl"<rlii'r  init  Sprciitjladuiigon. 

Mit  dor  Axt  gemachter  Kirutclmitt. 

Fig.  4.  Sago  far  wmohon  Slein. 

ZBhiie  (der  8ige). 

Fig,  5.  Axt. 

Fig.  6.  Anordiiung  der  Arbeiten 
zur  OS'nung  finer  liinnu  ver- 
mtttokt  dor  8Sge. 

BLATT  X. 

Auf  dem  Seitenarme  von  Amfre- 
ville  aU  FMshrt^nhor  henniztor 
normilnni«ober  Kabn. 

Obere  Ansiubt  (nacb  Wegaahme 
der  Diolung). 

VerkleiduB|f  mit  BSBenpUitton. 

SohmtL 


Particulars  n'sportirii;  of  tlif  distri- 
bution uf  chargett  uii  iMieii  rod. 

Plra  oonaiiiiiig:  of  aix  rods. 

PLATE  V. 

Steamboat  .Jeanne",  two  f»orew». 

Oeneral  horisontal  prcjjeetioii. 
Horizontal  flOOtion. 

Angle-iron. 

Covering  of  oak  joint.'i. 
LoDgitndiiud  eloTatioa. 
AboTo  th«  deok,  nettiog  removed. 

Elevation,  front  view. 
Above  tbe  netting. 
Blevationf  side  tiew. 
Bow  of  ilie  steamer. 

PLATE  m 

Fig.  I.  Chdiincl  opened  by  mean* 
of  a  row  of  cartridg^A  united 
by  a  fuae. 

Fig.  2.  HoloH  produced  bj  obarges 
plaoed  below  tiie  ioe. 

Fl|.  3.  Plan  uf  ezploaiTee  with 

borings  and  sidf-yroovee. 
Groove  formed  with  axe. 
ng.  4.  8«ft  ^ne  aaw. 
Teetli. 

Fig.  5.  Axe. 

Fig.  6.  Arrangement  for  opening 
a  cUonnul  by  meauA  of  »awi». 

PLATE  X. 

Norman  wherry  employed  as  ice- 
breaker in  the  braaob  river  of 
Ampreville. 

Upper  section  (floor  removed). 

Covering  witii  shee^Iroa. 
Seotioii. 


Bateau  i\  vapeur  , Jeanne''  iideux 

b^Uim. 
Plan  d^ensemble. 
Coupe  borisontale. 

Corniiro. 

Blindago  eu  madrier.s  de  oh(>ne. 
Etdvatlon  lonptadinaie. 
Deesnsdn  pont,  lo  bastingago  onlev^. 

Elevation  vuc  d'avant. 
Dcssuii  du  bastiugage. 
Elevation  lattodo. 
If 01  dv  Tnpeur. 


Der      zwoischraubige  Dampfur 

,  Joanne". 
Fltohenriss. 
Wagereohtor  Sohnitt. 

Winkf?lei»en. 

Dockwcrk  aus  EiobenbobleD. 
Lftngwohnitt. 

Deok  naeh  Abn«hme  d«r  Sohans- 

Yorderanaicbt. 

Obertbeil  der  Sohanzkleidung. 

Seitenansioht. 

Naae  des  SohiflSes. 
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BLATT  Xlll. 

Der  Scltlcppdampfcr  .Hirnndelle". 
Anbriug^ung  dva  Kisliruohtira. 
LfingMlmitt  dm  Sohleppdampfer*. 
Durch)«chnitt  im  Hauptspant. 
(Die    nhrif»^n    AufMiriiikf  siehe 
Uober^tzung  zu  filutt  V). 


PLATK  XiU. 

Tug  ^Hirontlclle". 
Fitting  up  of  the  ioe-bre&ker. 
Plaa  of  the  Tug. 
Section  amidaliipti. 
(For  other  do^criptionii,  mo  lisiu- 
lation  of  Plato  V.) 


PLANCHE  XIII. 

R.  morqviour  ^Hirondelle'*. 
Inawkiation  du  britie*glace. 
SI4v»tioii  da  NBorquear. 
Coupe  en  aaltM-bao. 
<Pour  iKii  autreii  iniM!ription»,  voir 
les  traduokion*  „Plaaohe  Y";. 


fnierijttioM  souvettt  n^jtetiet* 

Barrage. 
Eebelle. 

Eolu**'. 
t'omi'ire. 
Coupe. 
T61«. 


Oft  wiederkolte  lanebyiften. 

Wehr. 
Maaastab. 

8chleu«»e. 
Winki'lei^eu. 

bolmitt  (  Lftng»-,  Quer»chuitt). 
EltMiplattMi  ^EiMnbleoh). 


Wwd»  frtquentty  r^petOtd. 

Dam. 
Soala. 

Sluice  (alio  look). 
Angle-iron. 
Section. 
Sbest-iron. 
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■ 

Various  systems  and  methods  for  breaking  and  clearing 

away  of  ice.  —  Ice-breaking  boats.  —  Explosives 
etc.  —  Results  obtained.  —  Cost  of  plant  necessary.  — 
Working  expenses 

REPORT 

BY 

U.  F.  &  iaAUX» 


DfvW«u  of  th«  Rtptrt. 

Methods  for  breaking  ioc,  engiiie«  employed  under  different  circum- 
stances according  as  they  are  required  for  inland  canals  and  rivers,  on 
the  one  hand,  and  aea^irater  caoalB  and  tiie  estaaries  of  xiTeni  and 
Bea^portB  on  the  otheor.  The  imsent  report  in  aocordingly  divided  in 
two  parts. 

We  thought  canals  and  navigable  riTeis  should  be  included  in  the 

same  chapter,  simply  because  the  waterways  are  of  the  same  nature, 
although  they  may  be  subject  to  very  different  conditions  from  the  point 
of  view  wich  forms  the  subject  of  this  article. 

CHAFTBR  T. 
CANALS  AND  NAV16ABLE  RIVERS. 
Virion  oytttnt  for  brtokliQ  ud  oloariig  away  lot. 

The  following  are  the  different  aystema  employed  on  oanals: 

a.  River  Cnrront-'. 

b.  Vtiriationn  of  level. 

c.  Use  of  ordinary  bouts  as  ice-breakers. 

d.  Spedal  to^brenlcMS. 
«.  Ezploaivee. 
/.  Axe  and  saw. 

r 
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Wm  Ciirrwtt. 

River  ciirrente  should  be  espeeialTv  utilised  in  canals  where  there  are 
means  at  hand  for  introducing  water  ironi  water-courses  and  means  for 
clearing  away  water  of  low  t<nnperaturtj.  Generally  river  water  is  pre- 
ferable to  that  of  small  streams;  at  any  rate  it  is  essential  to  guard 
against  introducing  water  that  prooeeda  from  anow.  These  cvuients  aie 
extremely  useful  in  annihilatittg  the  effect  of  the  slight  frosts  which 
often  prooede  or  follow  gzeat  cold;  they  may  snfBce  as  long  as  the  tern- 
praatvie  does  not  go  below  — 6*  or  —7°  C. 

River  currents  also  serve  to  prepare  for  the  operation  of  the  ice-breakers 
by  wearing  away  and  softening  the  ice  and  to  hasten  the  bre.ilring  up 
of  flakes  of  ice  as  much  by  melting  as  by  rubbing  them  together  a»  they 
flow.  River  currents  also  serve  to  clear  away  these  flakes  of  ice. 

This  method  is  therefore  of  great  service  in  certain  circumstances  and 
has  the  great  advantage  of  costing  nothing,  but  It  is  in  reality  a  help 
and  the  practice  of  making  use  of  it  is  very  limited. 

Variattom  of  Itval. 

At  the  same  time  that  currents  are  produced  the  level  of  the  reaches 
is  often  changed,  and  thus  more  enei^etic  effects  are  obtained  forrisisting 
slight  frosts  and  also  for  retarding  the  first  action  of  prolonged  cold.  The 

occasion  for  employing  this  method  is  more  doubtful  when  it  is  a  question 
of  thick  ice.  Some  engineers  consider  it  causes  deterioration  of  the  banks, 

endangers  the  solidity  of  certain  works,  badly  built  dams  et<'.,  and  oausing 
at  the  mma  time  but  few  eraeks  in  the  ice.  In  every  case  to  obtain 
results,  repeated  and  violent  oscillations  are  always  necessary  (from  0.40  m. 
to  0.50  m.). 

After  an  aceident,  the  NeuffoBs6  canal  having  been  invaded  by  the 
waters  of  the  Lys,  the  level  was  soddenly  raised  to  0.60  m.  above  the 
normal  to  fall  again  6  hours  after  by  means  of  energetic  draining  to  0.40 
hdUm  this  level.  The  i(  e  0.20  to        m,  thick  was  completely  dislodged 

and  it  wa?  useless  to  employ  any  other  method  of  breaking  it. 

For  certain  i)ur{)o.'5efl  the  only  variation  employed  is  to  raise  the 
water's  surface  t^)  itn  original  level,  which  has  been  lowered  before  the 
frost.  In  this  manner  the  coating  of  ice  is  detached  from  the  bank 
idthont  damage  and  reonins  separated  from  it  by  a  certain  interval;  the 
result  of  this  is  that  the  Ice  is  more  easily  parted  under  the  action  of  the 
ice  breaker  and  the  machine  works  more  easUy,  the  wedging  of  ice  be* 
tween  the  ice-breaker  and  the  bank  being  rmidered  lees  froqaukt.  This 
precaution  is  to  be  recommended  in  preference  to  repeatedly  varying  the 
level,  when  the  banks  are  susceptible  to  damage. 

Briefly,  the  method  of  varying  the  level  of  the  water  has  at  present 
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but  a  limited  application,  and  it  is  often  iinpoesible  to  resort  to  it  on 
•eooant  at  the  praMooe  of  loaded  boats  in  the  caaukb,  of  the  mat  of 
rtafaility  of  certain  dama  or  the  damage  it  is  liaUe  to  oauae  to  the  brake. 

Boats  used  as  ice-breakare. 

When  river  currents  and  vaiiationa  of  level  axe  insnfficient,  yn  must 
bave  recourse  to  ice-breakers.  It  is  the  only  servioenblc  method. 

For  this  purpose  boats  used  for  the  transport  of  dredging  materials, 
margolatt  mad  iauM,  whoee  bom  axA  atenk  or  bow  only  are  but  slightly 
inclined  to  the  horiiontal,  aie  eoinetiniea  employed;  or  theae  boats  are 
fratened  t<)gellier  to  make  a  broader  track.  Boats  with  Ixnvs  nearly 
perpendicular  are  fitted  with  an  avant-hci-  of  stronp;  wood  (v.  plate 
h'o  1),  the  underside  of  which  is  lined  with  nliUe-bars  of  iron  and  which  is 
slightly  indiiDed  to  the  hoiisontal,  being  supported  against  the  lowwend 
of  the  bow  of  the  boat.  The  npper  aide  of  the  awml-Aac,  wUnh  meets  the 
bow  in  a  plane  inclined  to  the  lower  side,  is  also  fimned  of  a  frame* 
work  of  timber  and  is  fimily  joined  to  the  formeri  resting  on  the  £an 
port  of  the  gunwale  of  the  boat. 

Whan  ib»  bow  of  the  boat  is  slightly  ineUned  to  the  horizontal,  a 
wooden  fkwne  work  boand  with  ixon  bands  is  Ikstened  against  the  bottom; 
it  is  suspended  by  chains  from  mcwring  pins  and  from  two  slanting  beams 
placed  lengthwise  which  rest  on  tho  how  of  the  boat^  over  which  th^ 
project,  and  are  firmly  &xed  to  the  ribs  and  prow. 

Otborwise  the  bottom  is  nmply  protected  by  three  or  four  zowa  at  J 
irons  plaoed  k»cp,tudinaUy ;  In  certain  cases  the  thickness  of  the  hoU 
has  been  increased.  It  is  also  well  to  strengthen  the  ribs,  for  boats  soon 
wear  out  with  this  work.  At  present  with  these  machines  it  is  not 
attempted  to  attack  a  greater  thickness  than  0.15  or  0.20  m.;  it  would 
be  eaiiy  however  to  cany  this  limid  fiitther. 

Boats  aimed  under  the  bottom  aa  well  as  under  the  bows  seem  to  have 
more  efleet  than  those  fitted  with  an  avant-bec  or  shield;  in  foet  the  former 
can  without  inconvenience  have  the  fore-part  of  the  bottom  resting  on 
the  ice  and  in  this  position  the  chiseling  process  is  more  energetic. 

The  awmf-iees,  fi(ame'W<Nrk8  and  armour  suitable  tat  transfocming  bo«tB 
into  ioe>b«eaken,  cost  fiom  160  to  760  fr. 

Special  ice-breakers. 

The  only  special  kind  of  ice-breaker  we  know  of  is  that  described  in  the 
Interior  Navigation  treatice  of  M.  I'inspecteur-g^neral  Glullemain,  Vol. 
n.  p.  896  (v.  pi.  2),  which  begins  to  be  more  widely  used  on  sevoal 
important  navigable  ways.  These  boats,  in  the  ccmditionB  for  which  th^ 

have  reorntly  liet  ii  established  fi>r  eert;un  purposes,  wei^h  from  i  to  5 
tons  when  empty  and  carry  2200  kilo  of  ballast  in  the  stern;  they  are 
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2.60  in.  1)rn;i(l  in  frotit  ami  hav*^  poink'(l  sterns;  tin-  Imw  ;iiid  the  stern 
are  elcvaU-d.  Thanks  to  this  ohupe  they  eueily  rai«e  thuuiseives  on  the 
ice  and  at  the  same  time  the  weight  is  brought  to  bear  on  the  part  that 
does  the  breaking.  In  a  boruontal  section,  the  width  of  the  machine 
decieaaea  towards  the  stern  and  this  makes  wedging  in  the  ice  less  easy. 

The  bow  is  protected  by  posts  in  the  front  and  a  strong  covering 
at  the  waterline;  the  plating  is  5  m.m.  thick  on  the  sides  and  7  m.nL 
at  the  biittoni;  tlie  lower  bottom  is  fitted  in  the  middle  with  a  strong 
iron  which  projects  bryond  the  bow,  bent  at  it?  ontfr  extremity  and 
about 2.-J0  m.  lon^.  Tin.-;  T  iron  is  intended  to  facilitate'  the  rolling  move- 
ment and  to  bring  the  action  of  the  ice-breaker  to  bear  upon  one  point. 
The  bottom  of  the  boat  is  also  protected  by  4  or  2  bands  of  iron  placed 
longitudinally,  running  the  whole  or  part  of  the  length. 

Such  an  ice-breaker  can  now  be  built  for  9000  fr.  turned  out  near  the 
workshop. 

It  would  be  an  advantage,  with  a  view  to  allowing  tho  ice-breaker  the 

more  easily  to  lean  over  in  order  to  rirp  on  to  the  ice,  while  preventing 
it  from  gettinpr  too  firm  a  ^rrip,  to  give  it  a  more  pointeti  form  at  the 
stern  in  the  lower  sectiuus  and  a  fuller  form  in  the  higher  sections. 

Method  af  usiiQ  ice-brsakan^ 

The  boat  is  generally  weighted  in  the  stem  that  it  may  act  as  much 

as  possible  like  a  great  pair  of  shears  with  the  fulcrum  in  the  stem.  This 
method  of  working  the  ice-breaker  has-  no  rpa.=5on  for  being,  followed 
exactly  under  similar  conditions  by  boats  titled  with  ;in  nvnnf-hff  or  ice- 
brcakinsr  frame-work  in  front.  It  is  not  aeeesBary  that  thi  se  lioats  lean 
and  advance  on  the  edge  of  the  ice  nuUiciently  to  touch  tiieix  l>ottom.s, 
because  these  bottoms  are  not  protected.  This  class  of  boats  break  the 
ice  by  the  weight  of  thdr  bows,  and  under  these  circumstances  the  wd^t 
<^  the  ballast  in  the  stem  is  of  leas  importance.  Under  some  conditbns 
even  the  bows  are  wd^ted. 

Men,  to  the  number  of  4  to  8,  generally  place  themselves  on  each  side 
e'f  the  de(rk  and  <riv(>  the  boat  a  rolling  movement.  It  is  qiiitp  excep- 
tional, except  for  ice-brcnkers  of  small  dimcn«ion?:  or  when  the  ice  is 
thin,  to  make  use  of  men  for  towing.  Horses  go  either  at  a  trot  or  the 
fastest  pace  possible,  with  as  many  stoppages  as  may  be  necessary  not 
to  overdo  the  horses.  This  work  fatigues  them  terribly.  From  2  to  24 
horses  are  attadied  to  eadi  ice-breaker  according  to  the  power  of  the 
machine  and  the  thickness  of  the  ice.  Generally  not  more  than  10  to  15 
horses  are  employed;  when  the  team  becomes  very  numerous  the  effec- 
tive force  cf  each  additional  horse  becomes  much  les^^  and  the  manoeuvre 
becomes  more  difficult:  therefore  some  engineers  thmk  more  than  15 
horses  should  never  be  eniplov-d.  Thiis  oonsideratinn  nwst  limit  the  ]x>wer 
of  the  dillerent  kinds  of  ice-breakers,  and  as,  on  the  other  hand,  among 
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\h<m  actually  in  nm  some  employ  at  kut  15  honee,  it  would  appear  to 
be  ueole«?  to  cndeavoor  to  make  more  powerful  kinds  than  the  etron- 

gest  in  uee  at  present. 

Boats  oonveited  into  iM-bceakwa  have  np  to  the  prannt  been  need  for 
88  rough  woirk  as  the  spedal  ioe-breakera ;  it  cannot  be  doubted  however 

th:it  the  uBe  of  the  latter  ia  safer,  more  convenient  and  gives  better  rt'sults. 
Nc\  f'rtlif'le«s,  the  need  of  special  machineB  wotild  never  hf»  thought  of 
but  on  waterways  where  it  is  of  the  highest  importance  to  shorten  the 
doiation  of  the  Btoppages  of  winter.  It  is  aleo  to  be  observed  diat  generally 
speaking  title  existence  of  thiek  and  haid  ice  implies  a  temperatore  whidi 
has  allready  become,  or  which  has  not  yet  ceased  to  be,  intense,  and  a 
very  powerful  machine  would  only  break  this  ioe  for  the  fragments  to 
reunite  directly. 

Therefore  ordinaiy  boats  eonverted  into  ice-breskers  can  almost  always 
be  employed  and  these  can  between  whiles  be  used  as  usual,  instead  of 

being  Icfl  idle  like  the  special  ice-breakers  except  during  the  veiy  limi* 
ted  periods  nf  pcrvice  for  the  removal  of  ice  from  the  canalf. 

Besides,  while  at  a  cost  of  about  •'iOO  fr.  a  boat  may  be  converted  into 
an  ioe-breaker,  and  little  boats  may  be  boilt  to  serve  as  ioe>breakers,  a 
speoial  ke  brsaker  costs  at  least  2000  ft. 

Circumstances  In  which  ice-breakers  are  of  service. 

The  nsc  of  ict'-brcakcTH  is  generally  not  roquired  in  canalised  rivers 
which  have  ratlier  the  cliaracter  of  rivcrn  than  canal.'-'.  In  imt  in  these 
rivers  the  ice  is  quickly  carried  away  wiiea  it  thaws  and  there  is  no 
risk  of  it's  stopping  long  as  in  the  smoofli  cold  waters  of  canals.  On  the 
other  hand  in  many  rivers  the  water  is  stored  by  means  of  moveable 
dams  which  cannot  bo  raile  d  untid  all  ice  has  pa8.<4ed  not  only  from  the 
river  but  from  it«  tributaries.  It  would  therefore  generally  be  a 
pure  lose  to  clear  rivers  of  ice.  Besides  the  use  of  ice-breakers  on 
rivers  is  nearly  allways  impossible,  beeanse  we  have  not  here  to  deal 
vrith  a  regiular  coating  of  ice  m  in  canals,  btit  more  often  than  not  with 
masses  of  ice  welded  together  in  various  thicknesses  and  generally  very 
Btrong.  On  the  other  hand  when  the  river  is  wide,  wherever  the  channel 
should  leave  the  bank  or  change  from  one  side  to  the  other,  towing 
would  be  diffioolt  or  impossibte ;  in  sa^  a  case  a  steamer  wonld  be 
necessary  aa  in  the  maritime  portions  of  rivers ;  but,  whether  for  want 
nf  a  t^uihciently  powerful  steamer  at  onc'a  or  because  all  means 

of  re-establishing  navigation  is  recognised  as  usele^,  we  have  uo  know> 
ledge  of  any  case  in  which  a  steamer  has  been  employed  to  dear  away 
the  ice  fhnn  xivem  inland. 
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On  canals,  on  the  cnntmrv,  the  mo  of  ice-breakers,  which  hriB  nnly  of 
recent  years  been  dcv<  ln]xMl,  si'cin.s  u!<  th<mgh  it  should  be  most  extended, 
especially  on  important  waterways.  Thunks  to  the  use  of  theee  machines 
during  the  shtut  periods  of  early  or  late  ftoet  they  are  snie  to  be  kept 
open;  alao  some  days  may  be  gained  at  the  commencemukt  over  ahaip 
or  prolonj^ed  frot'ts  and  somethinji  like  a  week  in  the  re-opening  of 
navigation  after  tlu-  jireat  thaw.  It  i.«  lUnieult  to  fix  a  limit  to  the  use 
of  ice-breakers:  the  question  not  only  depends  on  the  importance  but 
alflo  on  the  nature  of  the  winter  traffic.  Besidea,  in  proportion  as  the 
need  for  breaking  up  the  ice  is  less,  by  refraining  from  going  to  work 
until  the  refiistance  becomes  formidable,  less  considerable  boat,"  need 
be  converted  inti>  ice-breakers  and  thus  the  expense  of  converting  and 
working  them  ia  also  dimioiBhed.  Under  these  circumHtances,  considering 
the  amaD  ooet  of  the  oonvmion,  it  aeema  that  few  canals  liable  to 
freeze  should  be  without  ice-breakers  that  a  slight  probability  of  using 
them  should  be  sufficient.  It  seems  that  this  way  of  looking  at  it  is  the 
tendency  of  the  j)resent  day,  which  seeks  to  carefully  apply  all  possible 
means  for  giving  satisfaction  to  the  public. 

On  eeoondary  water-ways,  even  when  the  general  interest  of  traffic  ia 
not  involved,  but  only  some  isolated  bc^ats  are  desirous  of  leaving  which 
may  be  easily  set  free,  an  icc-])reaker  is  not  without  use  ;  it  seems  that 
in  this  ease  a  free  passage  should  be  made  for  the  boat^,  by  calling 
together  the  bargemen  interested  to  make  the  necessary  effort  both  thcm- 
selvea  and  fheir  homes.  In  other  cases  when  the  general  interest  is 
involved,  and  it  is  a  (jnestion  of  re-opening  au  important  watorway  for 
trans]>ort  purposes  or  a  main  routv  for  inland  traflic,  where  numerous 
boatH  are  waiting  all  along  the  navigable  way,  their  liberation  should  be 
effected  at  the  expence  of  the  service.  Moreover,  in  this  case  the  barge- 
men generally  take  in  the  sitoation  and  not  only  reftase  to  lend  their  aid, 
but  demand  a  high  price  from  whoever  consents  to  hire  them. 

Krpeivtes.  —  Thi  expense  of  clearing  away  ice  by  means  of  ice-breakers 
varies  greatly  according  to  the  machines  employed,  the  thickness  and 
hardness  of  the  ice.  It  may  however  be  said,  avoiding  extreme  cases,  that 
each  sqnaxtt  metre  varying  iiram  0.06  m.  to  0.90  m.  oosts  from  0.001  fr. 
to  OlOOO  fr.  The  most  extreme  prices  dted  outside  these  limits  are 
O.0006  fr.  and  OJm  fr. 

GlMriif  by  Mwii  of  ncplsilvw. 

Egpiorivet.  —  Choiee.  —  The  operation,  —  JZamUi.  —  QvantiUet  tmi 
per  miperfiaal  metre  or  per  evtie  wietrt  of  ice. 

Melinite  or  dynamite  is  Used.  Dynamite  is  moie  easily  proonred,  but 
the  use  of  melinite  is  surer.  It  has  not  been  remarked  that  the  ellects 
produced  by  these  two  explosives  are  very  diflerent.  Agents  of  the  service 
or  detadhments  of  sappers  and  minoa  do  the  blasting ;  naidy  all  navi* 
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gation  agt  nts  have  the  habit  of  using  dynamite.  The  general  details  of 
the  use  of  these  explosives  are  known  and  a  detailed  account  of  them 
has  no  plaoe  in  the  preaent  report  It  will  be  sufficient  to  mmtioii 
that  on  the  vexy  laie  occeeions  wh^  exploeivee  have  been  uaed  on  canala, 
it  has  been  done  to  &cilitate  the  paaaage  of  the  iee*breaken:  in  this  case 
the  ice  was  first  completely  detached  from  the  banks  by  a  groove  made 
lengthwise  by  means  of  axes.  Sometimes  the  long  Birip  of  icL-  thus  formed 
has  also  been  divided  into  pieces  nbont  7.00  m.  lonj;.  In  cither  ca^c  the 
cartridges  were  placed  from  1  \o  2  ni.  below  tlie  water  and  thus  the  ice 
was  broken  up.  Explosions  auder  water  however  cause  boles  in  the 
bottom  of  the  channel  and  might  be  dangerous,  on  account  of  the  idiocka 
they  produce,  in  plaoea  where  the  dame  are  not  pmfecUy  firmly  set 

The  use  of  dynamite  placed  on  the  ice  haa  given  no  reaalt.  The  fiutt 
however  is  well  known.  It  has  been  attempted  to  improve  this  method 
by  placing  the  cartridges  at  a  short  distance  from  one  another  in  the 
grooves  formed  by  the  axe,  by  cutting  out  rectangles  from  the  Kurface; 
slightly  better  rc^ultn  have  been  obtained,  but  the  method  is  uot  practi- 
cable if  the  pnrface  is  large. 

Generally  speaking,  the  use  of  explosives  is  costly  and  is  not  applicable 
to  canala  and  it  aeema  to  be  abandoned.  It  <ain  never  be  thought  of 
except  in  places  where  the  ice  is  exceptionally  thick,  as  in  acme  open 
places  whne  it  is  more  than  0.50  m.,  bnt  even  in  this  case  it  appears 
more  praoiioable  to  sever  the  ice  by  means  of  an  axe  or  hand-saw. 

Cleariny  ice  from  rivers  by  meaas  of  explosives. 

In  rivera  explceives  are  not  generally  need  to  hasten  the  recommence* 
ment  of  navigation,  but  only  to  remove  aocnmulatiions  of  ice  which  are 
dangefons  to  constructive  works  or  the  rivers  banks.  We  need  not  there- 
fore occupy  ourselves  here  with  this  subject,  but  we  will  give  an  instance 
which  furnishes  the  best  established  data  ^vith  respect  to  the  (juantities 
of  explo.sivcH  used  to  cauLse  a  breaking  up  of  the  ice.  The  eeeno  was  a 
navigable  river.  It  was  thought  necessary  to  remove  from  the  Meurthe  a 
coating  of  ice  which  threatened  to  cause  a  blockage  below  Nancy.  This 
costing,  0.30  m.  tiiick,  presented  a  aur&oe  of  80000  sq.  m.,  and  conse- 
qnently  s  mass  of  9000  eab.m.  With  the  ^  of  a  detachment  of  sappers 
and  miners  it  was  blasted  with  melinite  and  only  6.616  kilogrammes 
of  the  explosive  were  employed,  or  0.22  gramme  per  sq.  m.,  or  0.73 
gramme  per  cub.  m.  of  ire.  The  cost  of  the  clearing  away  of  the  ice, 
every  thing  included,  was  0.012  fr.  per  m.,  or  0.040  fr.  per  cub.  m.  of 
ice;  but  in  other  cases  on  canals,  5,  6  and  8  gramraef'  of  dynamite  have 
been  used  for  a  thickness  approaching  0.4o  m.  As  much  as  25  gr.  has  been 
used  in  a  case  were  the  ice  had  a  thickness  finm  0.26  m.  to  0.86  m« 

Such  distttepancies  should  cause  no  astonidment,  when  it  is  remiwn- 
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hexed  that  many  experiments  haT«  to  be  made  to  apply  the  uae  of 
exploeivea.  At  the  oommenoement  great  qnantitiss  have  been  expended 
without  much  effect. 

Hm  Mi  vT  the  am  iM  nw. 

The  axe,  and  by  pceferenoe  the  saw,  which  does  not  splaah  are 

only  employed  to  a  limited  extent:  to  cut  up  the  ice  that  i.-i  U  k>  thi'  k 
to  be  attacked  by  ice-breakers  (in  broiid  fieUln  of  ice),  or  else  to  work 
in  placce  where  the  use  of  the  ice-breaker  would  be  impoasible  or  would 
offer  inconvenienoee,  as  for  instance  in  plaoea  where  boats  are  drawn  up 
whidi  would  be  damaged  by  the  violent  aetium  of  the  bloeks  of  ioeibroed 
ngainRt  thoni  by  the  ice^braakecs.  The  instruments  besides  are  usesol  to 
free  constructive  works. 

SvMMury  ud  SMolnltM. 

The  clearing  oweq^  «f  in  fiat  ik»  jpeeftrf  ol(fael  of  redueiHg  (fee  AuroHm  0/ 
Ooppages  by  frost  w  littU  pnelieed  «xe^  in  canab  and  in  §cm$  rim*  wiUdk 

enn  be  iporlnl  as  cnnnli. 

River  current  and  roriatioiia  of  level  are  intufficient  meana,  though  vsejxd 
al  (Mie»,  but  they  simplify  the  uie  of  iM-ftrsofan.  2%e  UMer  fumiak  tht 
really  effediw  metitod  of  ekaring  away  the  ice  and  ore  capaM»  of  bmkiHg 
through  a  (hickncnii  of  as  much  as  0.30  m.  In  meal  eoeei  ordimiiry  boaU 
tpecially  armed  for  the  purpose  arc  suffim  nt. 

When  the  clearing  away  of  ice  becomes  an  absolute  neeudty  on  the  main 
tMtmcays,  it  should  he  done  a<  the  etpente  of  the  eertic*  and  thoM  be 
extended  to  the  Use  importani  wotenoaya,  as  soon  as  a  coUeettM,  or  even 
momentary,  interest  requires  it,  provided  the  bargemen  offer  their  "rri>M, 
men  and  hnrxei*,  fjratuitousb/.  Under  these  conditions  in  fact,  the  first  expcnsts 
arc  very  dight,  the  toorking  expenses  are  practically  nihil;  but  it  is  necessary 
to  proportion  the  meana  to  the  end  in  vim  and  «iNM0Q«ientfy  the  expenees  to 
the  restUts. 

7%e  method  of  using  explosives  to  clear  away  ice  from  canals  is  seldom 
practicable ;  the;/  are  reserved  for  the  removal  of  (Atdb  and  dangerous  masses 
for  the  belter  safety  of  certain  places  and  works. 

Theaxe  and  saw  can  haise  but  a  very  limited  uss,  (A<y  may  henever  often 
lake  the  place  of  dynamile  in  tike  ease  of  exe^ttonnuMy  tiviek  tee  on  eanate, 

CHAPTER  IT. 

SEA-WATER  CANALS.  -  PORTS  ON  THE  ESTUARIES 
OF  RIVERS.  —  SEA  PORTS. 

The  BMM-LaIn  Mt-wilir  omaL 

In  the  sharp  but  not  persistent  frosts  (—13')  of  the  winter  180S— 181)4, 
the  movement  of  vessels  was  able  to  reduce  the  action  of  the  cold  to  the 
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formation  of  ice  only  5  nun.  thick,  which  in  no  way  interfered  with  the 
navigfttion.  In  petaifltent  frosts  tbe  following  means  have  bean  employed 
to  avoid  the  oowation  of  navigAlion.  As  &r  as  the  look  chamber  is  oon- 

cerned,  communication  with  the  Loire  has  been  left  open  in  order  to 
make  use  of  the  tides  ;  bnt  this  precaution  has  not  been  suftirient,  the 
variutionii  being  too  slow,  and  it  has  been  found  necessary  to  break  the 
ice  ID  look  chamherB  end  the  ofaariinels  leading  to  them  by  mc«M 
of  togs. 

Between  the  locks  as  soon  as  the  water  has  begun  to  freeze,  two  and  later 
on  three  tuj!^  have  been  made  to  ply  up  and  down  the  canal  night  and 
day.  Afi  long  as  the  temperature  did  not  go  below  —  ?<>  the  congealing 
of  tile  flakes  (tf  iee  did  not  ptevent  navSgatkm,  bnt  as  foon  as  it  went 
down  to  —  10"  or  lower,  it  was  neoessary  to  join  to  the  togs  two  haiges, 
coupled  obliquely  so  as  to  occupy  in  the  rear  a  width  of  18  tn. ;  a 
strong  piece  of  wood  maintained  the  distance  apart  astern  and  the 
fore  part  was  covered  with  sheet  iron ;  the  apparatus  thus  furmed  and 
joined  to  two  togs  was  atilised  to  dear  away  tiM  iea  biokm  up  by  the 
togs,  and  the  oontimial  movement  of  the  apparatus  prevented  the 
fri^mente  from  freezing  together  once  more.  It  was  hoped  that  the  ice 
might  be  thrown  on  to  the  banks,  but  this  result  was  not  realised.  Per- 
haps it  xuight  have  been  done  by  subtituting  for  the  outer  vertical  side 
ot  tiie  haiges  a  side  like  a  ploughshare.  All  tiirongh  the  winter  1893— 9ft, 
the  first  ngnouB  oold  the  eanal  has  expeiienoed,  the  above  method  was 
soffiotent  to  keep  the  navigation  open. 

The  expense  occasioned  by  the  breaking?  of  the  ice  on  the  sea-water 
can.-il  during  the  winter  1892 — 23  amounted  in  round  numbers  to  4100  fr,, 
as  appears  from  the  following  table : 


(1)  Conpliiiir  of  bugw   .   . 

^  2  TuiT'  n  of  15  and  I  of  75  hnrsr-iioww) 
orcw8  day  and  night,  matvriaU  vned  .  , 

t8)  BarguMii  to  ateer  dw  bargea,  S  on  «m1i 
barga,  daj  and  night.  ....... 


Repetrt  to  toga  (engiiM  and  ball) 


Total  . 
Onwd  Total  . 


iWuUlI  UMUCl 

utdii  ounit 

1 
1 

■ 

fr.  M0.7S 

i    fr.  tiOO.  - 

,  806.40 

,     MH).  - 

fr.  3806. 4U 

fr.  mTS 

fr.  4000.16 


The  expenses  referring  especially  to  the  clearing  away  of  the  ice,  that 
is  to  say  those  incurred  apart  from  the  initial  expenaOt  amounted  to 
fr.  8806.40  during  24  days  over  a  length  of  15  km.  oi  canal,  or  rather 
less  than  fr.  11  per  2i  hours  per  kilometre.  Thanks  to  this  expenditure 
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the  arrival  »t  Nantw  of  48  ve&eels,  representing  a  tonnage  of  15057  tons, 
has  been  aemred. 

In  the  winter  1893 — 94  the  tugs  were  coated  with  sheet  steel  as  far  aH 
0.35  m.  below  the  waterline.  The  repairs  to  the  hulls  were  insitfTiifirant 
although  the  obetruction  by  ice  in  the  channels  where  they  were  employed 
was  considerable. 

The  estiiuy  of  the  Lain. 

During  ihe  winter  1890—91  the  port  of  Nantea  waa  freed  tnm  iee  by 
meaaaof  dynamite  where  it  waa  very  thiek  and  where  it  was  thinner  by 

meanp  of  towi  and  a  steamer  fitted  with  a  special  stem  of  joists  and 
plates  of  iron.  The  port  remained  blocked  from  IS"*  December  to 
22^  Jannaiy. 

Daring  the  winter  1892—98,  at  the  beginning  of  the  eold  the  two  togs 

belonging  to  the  government  service  at  Nantes  were  set  to  work.  These 
Vtoat,a,  built  with  the  murk  P.  K.,  required  by  the  ,,Hureau  Veritas"  for 
vessels  navigating  in  waters  l)locked  with  ice,  have  ntanaged  to  prevent 
the  blocks  of  ioe,  that  had  become  stationary  with  the  turning  of  the 
tide,  from  fteering  togethfisr  in  the  port  and  mouth  of  the  Loire. 
During  the  night  of  the  1*' — 2**  January  a  mass  3000  m.  long  formed 
below  the  port.  The  two  tugs  were  up  stream.  As  it  would  have  been 
imprudent  to  attack  the  packice  from  up  stream,  the  firm  of  Indret, 
situated  down  stream,  was  asked  for  the  use  of  one  of  their  boats.  A 
eteamer  of  96  tons  and  60  luntae-power  was  put  at  the  diepoml  of  the 
government.  At  first,  this  steamar  bdag  without  ballast  and  working  on  ice 
iLi.  thiek.  ran  her*<elf  aground  upon  the  ice  and  was  only  al>lc  to 
free  herself  at  high  water,  but  from  this  moment  the  steamer  recommenced 
her  work  and  continned  at  it  day  and  night.  After  four  days  of  persistent 
eflbfft  it  waa  able  to  dig  out  a  channel  60  metres  wide  aovosB  the  paek 
ice.  Unfortunately  on  the  Januarj'  a  fresh  floe  of  300  metres  stopped 
in  the  narrow  space  below  Nantes,  where  the  first  stoppage  had  taken 
place.  The  steamer  from  Indret  could  not  attack  the  ice  on  account  its 
thickness,  but  with  the  help  of  two  tugs  from  the  port,  the  ioe  floe  was  cat 
through  on  8*^  January.  Several  email  masses  were  formed  subsequently  in  the 
narrow  passage  of  which  we  have  spoken,  but  these  were  ea-sily  dielodgwl  with 
the  help  of  a  single  tug.  A  mass  of  pack  ice  18(X)  m.  long  had  h1«o  tnbr- 
dislodged  from  the  mouth  of  the  sea-water  canal  and  this  was  aeoom- 
pUshed  with  the  help  of  one  of  the  harbour  tugs  after  the  work  up 
stream  waa  finiahed.  Until  the  ice  finally  broke  up  the  two  togs  renuuned 
one  at  the  mouth  of  the  sea-wator  canal,  the  other  in  the  harbour  ready 
immedifitcly  to  dislfMlge  the  masses  which  attempted  to  form  and  thiis  to 
focilitatc  the  diaappearence  of  the  floating  blocks  of  ice.  The  final  breaking 
up  of  the  iee  did  not  take  place  at  Haatoi  tiU  the  26^  January. 

The  port  remained  blocked  from  the  2^  to  the  8"*  induaive.  It  haa 
been  impossible  for  ua  to  obtain  information  respecting  the  expense. 
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Tlw  Mlury  ff  tlw  6«rMM.  —  Hti  of  BtrdMMic 

With  regard  to  the  port  of  Bordeaux  we  have  only  the  account  uf  the 
clMring  of  the  ioe  in  the  winter  1890—1891. 

The  navigation  had  been  interrupted  for  boats  for  tax  days,  commen- 
cing the  IT)"'  Juiiii:iry,  but  not  for  ships;  they  werp  onlv  mnch  inmn- 
venienci  d.  The  tlow  of  drifting  ice  paat  the  port  ha<.l  cnntintiofi  without 
ceasing.  The  disappearance  of  blocks  of  ice  took  place  very  rapidly  in 
the  niffht  of  20^  to  21**  JauwMTj  and  dining  the  day  of  the  21**  under 
the  action  of  tho  flood  due  to  the  ndn  and  south  westh  wind.  But  there 
was  by  the  Bridgt^  of  Rorclpririx  a  inas.1  of  pack-ire  fiOO  m.  long,  SO  wide 
and  in  many  places  more  than  1.50  m.  thick.  It  was  to  l>e  feared  that 
fragments  of  this  ice-floe,  detached  and  carried  away  by  the  flood,  might 
do  daauge  to  shipping.  To  attack  the  lee-floe  one  of  the  tnga  need  for 
dredging  was  armed  with  a  breaking  and  protecting  bow.  A  beginning 
was  made  np  strcjim  abovp  the  bridge  of  Bordeaux  with  flood  tide 
8<)  that  thf  ice-fiakes  might  be  dispersed  while  passinj?  through  the 
bridge  ut  ebb-tide.  The  operation  laeted  only  three  hours.  A  first 
attonpt  had  been  made  on  the  19*^  witha  bow  fonned  of  two  plates 
of  iron  1  m.  high  and  2  m.  long;  the  result  was  satisfactory,  but  a 
covrring  of  iron  or  wood  shotiM  }iavc  bwn  ihted  in  the  sides  to  resist 
the  shock  of  the  stationary  ice  and  the  large  blcM:ks  of  floating  ice. 
Work  was  started  at  high  water  to  avoid  being  overwhelmed  by  the 
ioe  drifting  down  stream,  but  a  stilt  greater  incontenience  was  ezperien- 
oed  in  consequence  of  this  manccuvre,  for  the  tug  was  jainincd  in  the 
ice  and  could  not  free  herself  without  difficulty.  Tn  rapes  of  thin  sort  it 
is  better  to  work  with  the  flood,  which  facilitates  the  relative  displace- 
ment of  the  blocks  of  ice  encountered  by  the  steamer  and  the  dispersion 
of  the  fragments  detached. 

SuMMury  ui  G*MlnltiM. 

On  the  sea-water  canal  of  the  Had-ne-Loirc  and  on  the  estuaries  of  the 
Loire  and  Garonne,  it  has  been  quite  the  exception  to  employ  dyna- 
mite for  the  rS'SStahlidunAnt  of  navigation ;  stsamers  of  ondinaiy  bnild 
have  been  snfficient,  but  it  ia  desirable  to  protect  them  in  the  bows 

and  sides. 

/(  appears  indwpemabie  to  operate  uiuler  such  roruittiuns  that  the  currerit 
tltail  carry  awny  the  broken  ice  as  it  becmnes  detached  and  ke^  tlte  Jiakes 
moving  if  lA«  riser  «i  eossred  wttik  /k)ata»g  iet.  In  every  case  tkerefire  it  w 
better  not  to  work  at  flack  unter,  tmSm  it  i»  «b$oluUly  MeeiMry,  md  wJksn 
thf  ice-field  anpkid^  ban  th«  w«ey  it  i»  mmJUal  to  optraU  down  tffMMi 
with  an  ebbiTig  Ode, 
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SM-Porls. 

In  the  Fraich  sca-porta  ice  canaee  little  titrable  and  is  easily  ^t  rid 
of.  "nie  harboar  aorvioe  has  the  ice  broken  up  in  the  doeke  and  the 
approaches  to  the  loeke  by  means  of  the  harbour  tugs;  as  the  tide  goee 
down  the  blocks  of  ioe  are  drawn  towardB  the  locks,  whence  they  flow 

down  to  the  sea. 

Thifl  method  of  breaking  ice  ia  auihcifutly  clelicate  and  requires  pru- 
dence on  account  of  the  damage  ice  Hoes  are  liable  to  cause  to  ron- 
Htructive  works  and  Hhipping,  but  eBpeciaUy  to  Hrnall  boats.  On  the 
canals  which  connect  the  ports  the  inlmd  Bystem,  barges  are  used 
as  ice-breakers.  Sometimes  also  the  level  of  reaches  in  the  canals 
is  raised  from  0.60  to  0.00  m.  by  the  introduction  of  salt  water  and  the 
blocks  of  ice  are  sent  down  to  the  sea  with  the  ebbing  tide.  This  last 
method  succeeds  very  weU. 

CharUvUU,  May  14'^  1894. 

Tmialatad  by  Francv  A.  Ouvbb. 
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The  clearing  away  of  ice  in  tlie  estuaries  of 

tidal  and  non-tidal  rivers. 

BY 

MAURICE  DIBOS, 

OtM  BaflMer,  tcohniMl  liMpeeMt  of  tk*  A«wlh><>fVMii|i«rt«  VmtttaM  lad  Tlvvlil  IwnMaM  Oi>ui|>au>. 


Since  1870—71,  or  for  the  last  twenty  yeais,  we  have  oboerved  as  well 

R8  our  conteraporarieB  in  other  countries  that  our  r^ons,  hitherto  regar- 
ded m  teinptrsit*,  have  been  visited  by  qiiito  exceptional  ("old  which 
has  caufled  the  waterways  to  freeze  nearly  every  two  years;  mine  mari- 
time  estnariee  have  been  partially  and  our  riveia  completely  blocked 
witti  ice,  the  thwmometer  varyiog  in  moat  caaee  between  —10*  and 
— 27',  the  average  being  — 17"  for  districts  reaching  as  far  as  40''  latitude. 

The  cold  may  last  for  a  long  time;  thna  at  Paris,  to  mention  only 
periods  that  were  remarkable:  J 

In  1870—71  there  were  twelve  days  continnoua  froat. 

In  1871—72  there  were  twenty  one  days  continuous  froat. 

In  SO  there  were  twenty  eight  days  continuous  fiost. 

In  l'SrK)--Hl  there  were  twenty  day?  eontiniimis  frost. 

In  1892 — y3  there  were  sixteen  days  continuous  frost. 

Withoat  hare  going  into  an  exhaustive  study  of  the  poasible  causes  of 
these  meteorological  perturbations,  which  we  think  may  he  attributed 

to  the  progreoflive  cooling  of  the  earth's  crust  and  to  lar^e  spots  on  the 
solfir  disc  (hiring;  the  winter  solstice,  we  will  confine  ourselves  in  this 
paper  to  an  account  of  the  most  suitable  methods  of  opening  up 
diannala  or  haaina  of  a  soffident  width  for  veasela  or  boate  to  make  their 
way  throogh  the  ioe  and  move  freely  in  any  direction,  and  freeing 
eatuariea  and  the  months  ol  riven  from  dangerous  masses  of  floating 
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fra<rmentfi  and  ice>field9  which  form  on  these  rivera  and  in  their  ports 

and  outlets. 

In  many  places  in  our  countty  the  inland  navigBble  ways  are  frequen- 
ted both  hy  aea  going  ships  and  by  river  boate,  and  with  zegaid  tobdh 
kinde  of  traffic  we  will  endeavour  to  give  sonje  technical  and  practical 
information  to  sca-men  and  boatmen  whos^o  craft  might  be  overtaken  by 
frost  either  on  their  journey  or  while  lying  at  anchor. 

It  18  known  that  immediately  below  aero  the  fonnation  of  ioe  nkee 
place  npon  the  surface  of  water  of  little  depth.  If  the  air  is  calm  and 
the  eurrent  very  feeble,  which  is  comnionly  the  case  in  canals  of 
small  depth,  lonp  needles  may  he  Keen  to  -ihoot  out  from  the  bank?, 
the  piera  of  bridges,  quuyH  and  the  water-lines  of  boats  at  anchor,  and 
to  spread  out  and  cross  and  join  each  other  in  every  direetbn;  the 
spaces  between  theee  needles  disappear  with  the  progressive  solidifica- 
tion and  a  thin  layer  of  icf  will  in  a  very  short  time  cover  the  whole 
surface  of  the  wat4'r.  Tiiis  hiytr  increases  in  thicknes.*  under  the  inlluence 
of  the  froi*l  and  presents  to  the  eyes  of  the  obaervcr  a  perfectly  polished 
and  transparent  appearance. 

If  on  tiie  oontoiry  the  freezing  is  caused  by  a  light  breeae  npon  the 
Murfaro,  Hinall  crystnli^  will  cnm  each  other;  a  sort  of  pasfy  mixture  like 
half  melted  snow  will  then  cover  tlie  water. 

When  tlie  eolidilicatiou  in  accomplished  under  these  circumstances, 
the  froien  sni&oe  is  opaque  and  rough. 

Streams  and  rivers  from  8  m.  to  8  m.  deep  ssldom  freeze,  as  far  as 
we  have  hecn  nMe  to  ol)«erve,  above  a  temperature  of  about  —10*  or 
—  I'l*.  In  i^iiW  water  at  an  average  depth  of  10  m.,  as  in  docks,  it  may 
hapjien  during  t^evere  frost  with  a  north  or  north-east  wind  tliat  ice, 
already  more  or  less  formed,  will  thicken  whUe-  the  gates  are  closed 
between  two  tides,  and  readi,  by  the  time  shipe  and  boats  are 
able  to  f^n  in  or  out.  «nch  a  thickneps  that  the  movement  of  the  port 
is  HO  much  hindered,  if  not  totally  stopped,  that  it  may  become  danpe- 
roua,  espwually  for  entering  ships  when  obliged  to  anchor  in  the  outer 
harboor  or  to  regain  the  roads. 

The  Mame,  the  Saftne,  tiie  Yonne,  the  House,  the  Loire  and  the  Seine 
seldom  freeze,  as  far  ai^  we  have  deserved,  at  a  hifiher  temperature  than 
-1 2°  or — 14'.  However  they  carry  down  tioating  frajrmentfi  of  ice  before 
tlii.s  tcutperaturc  in  reached,  jwrhaps  at — 4°  or — 1>  .  Ik'tore  the  frost  attacks 
the  whole  river  from  bank  to  bank,  numerous  blocks  of  ice  of  various 
sixes  and  shapes  arc  formed  and  are  carried  down  by  the  current  on 
a<coHnt  of  their  liss  ilmsity.  It  is  well  known  that  fresh  water  has  the 
peculiarity  tbat  it  reaeht  s  lU^  ■rreaf^-st  density  at  a  temperature  of  4°.  If 
th(!  liquid  for  .wmi;  cause  or  other  i.**  ctK)led  upon  the  surface,  it  conti- 
nually descends  to  the  bottom  until  all  the  water  is  tedooed  to  the 
same  temperature  of  4°.  The  strata  wilt  then  retain  their  respective 
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positions,  ibe  iwldwt  temaining  at  the  nurfaoe.  It  eeema  thcfreforc  as  if 

the  phenomenon  of  frost  mint  always  take  place  on  a  free  surt'ue. 

On  the  otherhnnd,  in  con'f^qnrnce  of  the  s'tltnra«  nml  .i^'italion  of 
8ea-watp0r  freezing  does  not  take  place  so  readily  and  hardly  occurs  except 
in  confined  passages,  in  bays  or  estuaries  or  near  coasts.  In  £act  sea-salt 
lowers  the  tempmtnre  at  which  freezing  commences  and  at  which  the 
maximum  density  is  reached ;  the  effect  on  the  latter  is  far  greater  thai)  on  the 
former.  Therefore  on  the  sea  ice  forms  to  n  <rn  ;it  t  xtoiit  below  the  surface. 

The  denser  the  particles  of  ice  become  the  more  their  dimeusion?  increat^e 
in  confleqnanoe  of  the  solidification  of  other  strata  of  water  joining  the 
ficBt  nucleus.  As  the  hed'  of  the  water^oourss  heeomes  more  and  more 
invaded  the  tlow  of  the  floating  fragment**,  m  tht y  coliile  against  each 
other  and  airainst  iKitnrul  or  artificial  obstacles,  tr>  is  sl(>\vi  r  nnd  slower. 
At  a  given  moment  some  of  the  pieces  atop  and  the  lloating  mass  comes 
to  »  stond-^l.  The  frost  then  welds  the  pieoes  together  and  the  stream 
or  rivw  is  froaen  over. 

Navigation,  which  wa8  getting  more  and,  more  difficult  aa  the  flow  of 
jcc  increased,  is  completely  stopped  when  the  water-oonrtie  irt  frozen  over. 

To  retard  the  furuabiou  of  the  complete  covering,  means  arc  generally 
taken  on  canalised  riven  hy  moinng  the  dams  or  slutoss  with  the  object 
ofraisiiq^or  lowering  the  height  of  the  water.  In  this  manner  one  or  two 
days  are  frequently  gained,  bnt  without  any  considerable  advantsge 
being  obtained,  for  navigation  really  ceases  some  time  before. 

Petroleum  poured  on  to  the  water-course,  dock  or  estuary  might  be 
of  considerable  use  for  retarding  the  action  of  the  froat,  but  for  foar 
of  the  terrible  fires  caused  by  imprudence  or  aceident  from  the  use 
of  this  oil  which  floats  on  the  surface  of  the  water,  it  cannot  be  recom- 
niftnde<l.  cXi  ept  in  out  of  tht-  way  or  little  frw]uente<l  places  or  in 
pieces  of  water  surrounded  by  dikes  when  a  regular  service  ia  instituted 
to  watdh  it  continually. 

In  the  Atlantic  ports  the  docks  are  opened  in  order  to  clear  the 
channels  as  well  i  the  outer  and  inner  harbours.  For  during  hard  frosts, 
with  a  tcmpcratiirf  nf  — 1"'  or  —20^.  thr  dnilv  ri«p  nnfl  fall  rnnsfil  by 
the  tide  is  not  sutlicient  to  clear  away  the  ice  which,  cspecialiy  in  the 
inner  harbour,  remains  behind  in  the  form  of  an  ice-field  which  rises 
and  folia  with  the  tide  without  changing  its  position. 

It  was  thought  for  a  long  time  that  ice  always  formed  on  the  surface. 
BRAirNs,  I)ehmakkt»  and  Dagiin  are  agre<><l  upon  the  fnllowing  theory: 
„When  it  is  extremely  cold  the  temperature  of  the  water  is  less  thou 
0*  right  down  to  the  bottom  in  oonaequenoe  of  the  movements  which 
mix  all  parts  of  it  togeth^.  Nevertheless  the  solidification  is  prevented 
by  the  agitation  of  the  molecules  of  the  water.  Bnt  where  the  liquid  is 
kept  motionleas  by  gravel  and  all  sorts  of  dehrxH  nothing  prevents  it 
from   freezing.   Each  particle  of  ice  formed  in  tbia  way  serves  as  a 
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nudem  vpon  wfaieh  tb«  fhwt  oonttnues  to  act  in  sach  a  numner  lluit 
the  flakes  pf  ioe  in^vease  in  gize  and  raiBe  the  water  of  the  river. 

..The  iff-flnkep  nre  retained  upon  the  bottom,  either  l)ecause  they  are 
welded  to  tixed  portions  or  because  the  gravel  mingled  with  them  is 
heavy  enough  to  keep  them  down.  When  tha  iea-flake  is  tluck  eoongh 
for  the  piewure  of  the  water  to  raise  it,  it  rises  to  the  surfbce"  (1). 

We  have  often  had  the  opportunity  of  eonvinoing  us  hy  observation  of 
the  oxactn<'H<<f»  nf  this  theory.  Moreover  many  inori^plts  of  ice  bear 
unmistakable  traces  of  their  origin  of  formation  on  account  of  the  gravel, 
grasfl,  flea-weed,  mud  M-  flhdhi  lAidi  they  enclose  and  curry  away  at 
the  moment  when  they  are  freed  from  the  bottom  and  rise  to  the  surfiMie. 
After  this  ice  fiwined  at  the  bottom  has  floated  away  the  mark  of  it 
can  ]>•'  clrarly  peen  upon  the  hottojn,  w})irh  appeArs  to  be  dredged. 

The  consistence  of  the  pieces  of  ice  is  still  comparatively  feeble,  it  is 
more  like  a  miztare  of  crystals  of  ice  and  impmritifla,  sneh  as  sUme 
gravel,  sand,  grsss,  dieils  and  mud  (bone)  sq)arated  by  water,  tnm 
which  it  aoquires  the  name  of  bowin  (slush  or  rotten  ice). 

In  winter  period«  of  complctf'  nnd  mnmrntnry  thaw  succeed  pfriod? 
of  frost;  during  the  former  pieces  of  ice  frozen  togetiier  part  at^uader 
and  break  up  into  iitagments  if  they  meet  with  an  obsbsola  which  stops 
or  opposes  them,  'niese  accidental  stoppages  on  the  part  of  tlie 
frozen  mass  in  movement  are  most  dangerous  and  liable  to  cause 
floods  nnd  do  niuch  damage  to  prcipi^rtv  nenr  tlie  banks  and  to 
ships  and  boats  down  stream.  Stopped  in  this  way  and  pressed 
against  each  other  the  ice-flakes  finally  fireern  togediMir  and  nnita,  thus 
creating  a  formidable  and  threatening  barrier.  By  refisrring  to  the  expe- 
riments of  Tyndam.  the  theory  of  the  phenomenon  of  rccoagttlation  may  he 
ex])lained  by  the  mechanical  theory  of  heat.  If  a  piorc  of  ice  is  heated, 
a  part  of  it  is  liquified  and  its  volume  reduced  by  so  much.  Therefore 
if  by  some  meohanicsl  ae^n,  such  as  pressure,  thb  latter  effect  is  pro- 
duced, the  caloric  necessary  for  causing  the  fusion  is  reduced  propor- 
tionally. From  the  foregoing  it  may  be  dedm-.  d  that  at  the  temperature 
of  melting  ice,  which  is  the  temperature  at  which  ice  forms,  ico-fields 
may  still  form  having  a  resistance  equal  to  those  formed  by  the  original 
fhsst  at  temperatures  less  than  sero. 

The  breaking  up  of  the  ice  takes  place  either  when  the  tnttperatore 
rises  or  when  heavy  rain  or  snow  inereasas  tlie  volume  of  the  water  of 
the  river,  or  when  spring  tides  comin*;  after  neap  tides  projrreasively 
raise  the  level  of  the  water  and  the  movement  of  the  latter  in  unpro- 
tected phwes  will  finally  dislodge  the  M6k  of  ice  and  the  ebb-tide  will 
carry  the  fragments  ont  to  sea. 

We  must  remember  that  with  a  thickness  of  0.04  m.  the  iee  trill  bear 


(1>  Daouim.  Tiucte  du  pliysique,  vol.  U. 
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men  pintrly  walking  on  planks  and  that  a  thicknew  of  U.12  m.  or  0.15 m. 
is  atroug  enough  £ur  carriages  and  horses. 

Fig.  1. 


r 


Kashroom  mooring. 


The  flow  of  ice-flakes  on  rivers,  especially  in  their  mouths  and  in 
crtimieB  where  the  navigaUe  ehamiel  k  marked,  ie  the  cnuie  ctf  the 
greatest  inconvenienoe  on  aooonnt  of  bnoye  and  marks  whieh  sustain 
with  difficulty  the  inoeesant  assanlts  of  the  floating  ioe  and  which,  if 
they  are  not  carried  away  or  destroyed,  at  any  rate  steain  upon  their 
moorings  or  anchors.  The  result  is  oonfasion  as  to  the  route  and  accidents 
become  possible. 

This  state  of  things  might  he  rciiu'dicd  by  substitutini^  for  ordinary 
buoys  in  the  muuths  of  rivtjrij  or  in  niuritime  estuaries,  which  are  liable 
to  be  rapidly  overwhelmed  with  ice,  floating  poles  or  buoys  quite 
elliptioal  in  shape,  the  major  axis  being  7  m.  to  15  m.  and  the  minor 
axis  0.40  m.  to  1.00  m. 

The  end  constantly  under  water  is  fitted  with  a  swiveling  strap  to  whicdi 
the  free  end  of  the  chain  attat  hcd  to  the  mooring  or  anchor  is  joined  ; 
the  weight  of  thifl  chMin,  or  a  suitably  calciilatid  weight,  would  keep  the 
polrs  half  i:nH»r  water  and  always  in  a  verti(-al  ])Osition.  The  part  that 
shows  above  the  surface  should  be  painted  an  appropriate  colour  (fig.  1). 
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When  the  floating  ice  comes  against  it,  the  pole  leans  ovt  r,  ollerincf 
no  resistance  and  boins  in  no  way  liahle  to  damage,  and  will  appear 
again  asj  soon  a;s  tiie  iUniiiug  tuiihri  of  ice  has  passed. 

Thifl  system  is  recommended  in  America  by  the  U.  8.  Lighi-koUBe 
Board,  and  by  M.  Horta,  Naval  Engineer  (1).  for  the  port  of  Antwerp. 

Technical  engineers^  naval  offioets  or  captains  of  metcbant-men  may 
therefore  be  called  upon  to  solve  the  following  problems: 

a,  2%e  clearing  avny  of  tee  on  stagnant  vmter  tn  order  to  obtam  a$  wide 
an  area  of  open  water  a*  possible; 

M.  The  dislodging  of  an  ice-field  on  running  water  and  the  opening  up  of  a 
cftunnr',       ns  to  ermtre  the  getural  breaking  up  o/  Vte  ice  without  accidents 

and  the  re-t'stabluhmtnt  of  navigation  ; 

Y.  The  freeing  and  proffrfimj  of  resseU  and  hmUt  when  ice-Jields  have 
formed  and  during  the  general  breaking  up  of  the  ice 

Without  thinking  for  a  moment  of  laying  down  fixed  rules  we  will 
examine  these  qncftionH  with  rt'8po(*t  to  their  fn^'int  ncy  of  occurrenre. 
and  we  will  i  iuliM v<>iir.  guided  by  a  certain  amount  of  experimcf.  to 
fnniish  some  information  which  we  hope  may  be  of  service  in  this 
special  kind  of  work. 

In  the  case  of  stagnant  water  it  is  first  necessary  to  diseiig^;e  the 
boats  and  ships  irozen  up  in  the  ioe-field,  for  their  hulls  are  subject  to 
conniderable  pressure  and  there  in  a  risk  of  their  being  distorted  or  of 
their  bottoms  being  seriously  damaged  or  cru.^hed. 

If  the  ice  is  not  more  than  12  cm.  to  lo  cm.  thick  it  iiuiy  be 
attacked  hy  (•!irj)('nter's  axes  and  hat<'het8  by  cutting  grooves  perpen- 
dicular to  the  .siiics  of  the  ship  or  VHmt  :md  grailually  freeing  the  hull  by 
clearing  away  the  bUx-ks  about  a  luetre  long  tiiat  liave  been  cut  away 
by  means  of  hanspikes,  boat-hooks,  bars  and  lev<^B.  In  this  manner  the 
vessel  is  freed  on  all  sides  and  a  sort  of  basin  of  water  is  opened  up 
which  shonld  be  freed  of  ioe  morning  and  evening  and  during  the  night 
if  it  is  necessary. 

For  breaking  the  ice  that  has  a  tendency  to  re-form  round  the  ship's 
sifb'  thf»  best  way  to  use  poles  with  baskets  of  wicker-work  on  thf» 
ends  which  can  be  shaken  about  from  the  ship'ii  side,  or  from  the 
ice-field. 

For  cutting  up  the  ice-Held  saws  with  long  thick  blades  and  a  broad 
set  are  used  with  success;  they  are  similar  to  those  used  for  cutting 
stone;  a  double  handle  is  fixed  at  one  of  the  extremities  of  the  blade, 
a  hole  is  made  in  the  ice  to  admit  the  saw  and  after  having  weighted 
the  end  of  it  with  a  stone  or  piece  of  lead  or  other  heavy  body,  it  is 


(1)  Sotirr  sitr  In  hotu'e  il'hirt'r,  Aiiicriniii  ice  buoy,  <>/  son  oppfioafton  <M  jdugta^ 
ties  fUuves,  by  M.  Horta,  Naval  Engineer,  Antwerp  {iWi}, 
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worked  in  the  aanal  way.  The  beet  reflnlto  ate  obtained  by  Blan-ting  the 
MW  at  an  angle  uf  20'  or  30"  to  the  plane  of  the  ioe,  a»  by  this  means 

it  h\te»  b.  tt«'r  unil  tho  weight,  while  dett-nniiiK  the  suitiible  preaBUn  of 
the  bludc,  also  autom;iti(  ally  fiicilitate(!i  the  deprendinf?  «trnkp. 

Chisels  or  cutters  may  be  U8e<l,  siu-h  as  workmen  on  railroads  employ 
in  cnttinK  hara  of  ixon,  for  dislodging  or  breaking  fragmentB;  but  as  the 
Workmen  when  the  froBt  is  very  severe  cannot  hold  these  implements^ 
and  find  if  diill<  iilt  tn  work  with  gloves  on,  the  best  plan  is  to  prepare 
siHHrially  stakes  of  bard  wood  2.50  xn.  long  and  4  vn\.  in  diameter  which 
are  fitted  into  the  socket  oi  a  sharply  pointed  piece  of  bar  iron. 

From  unknown  causes  some  parts  of  the  icefields  vary  from  the 
average  thickness,  and  th<>  efforts  of  the  men  above  the  workings  cause 
unexpected  ruptnn.-  in  the  ice  around  the  open  cnttinfis:  this  eirciim- 
stancit  is  a  source  of  danger  to  the  men  employed.  It  will  therefore  be 
essential  that  men  should  be  on  the  watch  around  the  ship  or  boat  with 
coils  of  rope  and  buoys  ready  in  case  of  accident.  As  soon  as  the  vessel 
is  sufficiently  disengaged,  a  specially  fitted  up  b<Kit  may  l  e  1>ronght  to 
the  open  space,  either  a  wherry  or  some  Hat  fmttoined  boat  which 
will  be  stationed  r]oxp  to  the  workings  and  will  beiji  to  push  back  the 
blocks  of  ice,  aud  will  be  able  to  come  to  the  rescue  bnmediately  if 
necessary. 

Near  the  men  on  the  ice  joinbi  or  planks  Will  be  laid  doWD  and  one  or 
two  lioat-hunkH  will  1/e  hatnly.  When  necessary  the  workmen  will  he 
re<|uired  to  wear  iife-belts  an<l  a  line  some  l'>  metres  long  will  \ni  lashed 
to  these  belts  and  the  free  end  will  be  held  by  an  assistant  either  on 
boaid  the  boat  or  on  the  ioe>field  several  metres  away. 

If  the  ice  round  the  vessel  is  20  cm.  thick  it  may  be  necessary  to 
employ  explosives.  S'till  the  nsc  of  thtni  is  rnthfr  ri'-'ky  on  arrntmt  of 
the  sljocks  transmitted  by  the  mii>4s  of  ice  to  the  vessels  frame  e.'<iKciHlly 
if  it  is  built  of  metal.  Before  using  powder  it  is  desirable  first  to  cut 
away  by  hand  perpendicularly  all  round  the  ship  a  belt  of  ice  about 
80cm.  wide  so  as  to  isolate  the  hull  as  much  aa  possible  from  immediate 
contact  -with  the  i<  r-iicM. 

For  this  the  saw  may  be  used  witli  advantage;  at  some  distance  away 
an  open  space  will  be  made  into  which  the  detached  blocks  will  be 
drawn,  the  first  being  puahed  under  the  ioe  and  cleared  away  as  soon 
as  possible  so  as  to  make  matters  more  easy  for  the  workmen.  In  support 
of  the  M«e  of  the  ?nw  n«  wo  recnniniend  it  and  by  means  of  which  we 
have  obtained  excellent  results,  we  will  mention  a  fact  noted  by  the 
much  lamented  Admiral  P&ris:  „In  1855  a  vessel  was  surrounded  by 
ioe  at  Kil-Bouroum  in  the  mouth  of  the  Dnieper.  The  attempt  to  break 
tilc  ice  by  means  of  axes  was  ineffectual;  they  made  little  impression 
on  the  ice  and  left  in  the  {rroove  thut  was  first  ohtaiut  d  lirok^n  pieo«'s  which 
deadened  the  sucoeediug  blows.  The  vessel  was  freed  by  aawicg  away  the  ice, 


Digitized  by  Google 


m 


an  operation  which  was  however  effceted  in  ppite  of  unfavourable  circum- 
8tanoe8,  for  as  there  were  no  proper  irapleracnts  at  hand  pieces  of  toothed 
sheet-iron  from  3  miu.  to  5  mm.  thick  had  to  be  used  and  these  were 
fitte<l  with  shot  at  one  end  and  a  handle  at  the  other." 

As  soon  as  the  vessel  is  disengaged  a  constant  watch  nuist  be  kept  on 
the  water  all  round  to  prevent  it  from  freezing  again.  If  the  veaeel  ia 
provided  with  steam-power  the  boilers  may  be  heated  and  by  means 
of  pipes  attached  to  them  jets  of  steam  may  be  played  against  the  sides 
and  the  freezing  action  may  be  stopped  where  there  was  still  contact 
between  the  hull  and  the  ice. 

To  break  up  an  ice-field  on  running  water  it  is  first  essential  to  open 
up  a  (ihannel  which  will  by  preference  be  effected  where  the  velocity  of 
the  current  attains  its  maximum.  The  thickness  of  the  ice  is  generally 
less  in  this  place.  The  nature  of  the  banks  and  quays  will  also  be  exa- 
mined with  a  view  to  observing  the  points  likely  to  be  attacked  by  the 
current  if  the  water-course  or  estuary  is  sinuous.  The  cutting  of  the  ice 
will  be  commenced  down  stream.  Care  will  be  taken  to  ensure  that  the 
blocks  of  ice  detaehtnl  and  carried  away  by  the  current  may  find  an 
easy  means  of  exit ;  in  fact  it  is  necessary  to  guard  against  the  formation 
furtlier  on  of  another  ice-field  composed  of  the  pieces  of  ice  carried 
down  stream.  When  necessary  the  blocks  that  are  not  too  large  will  be 
hauled  on  shore  by  trains  of  horses  and  the  crews  of  the  ships.  To 
facilitate  the  operation  of  getting  them  out  of  the  water  they  are  slid 
along  joists,  planks,  rails  or  beams  to  which  a  slight  gradient  is  given, 
they  are  slung  in  a  chain  of  .suitable  dimensions;  it  is  safer  and  works 
quite  as  quickly  as  a  holdfast  or  hook. 

In  order  to  create  these  channels  by  mechanical  means  the  following 
system  (fig.  2)  might  be  adojitcd  with  success.  It  is  in  our  opinion  after 
some  experience  the  most  expeditious  method. 


Two  grooves  parallel  to  the  banks  are  cut  at  a  distance  apart  fixed 
upon  for  the  width  of  the  channel.  The  rectangular  blocks  1  and  1  are 
first  cut  away  from  the  ice-field  and  then  2.  The  detached  rectangles  are 
pushed  away  with  boat  hooks  if  the  current  is  not  suflicient  to  carry 
them  away,  as  is  often  the  case. 


Fig.  2. 


For  channels  for  the  creation  of  which  explosives  are  nspd  or  which 
are  very  wide  the  horse-shoe  form  (fig.  3)  may  be  adopted  and  the  row 
of  cartridges  may  laid  aloug  the  line  AB  or  AB',  A'  B. 

Kg,  8. 


It  appears  to  us  difficult  to  establiah  any  mathejiiaticul  rules  with  res- 
pect to  width  to  be  given  to  the  channels  across  the  ice-fields;  we  can  only 
draw  aitenlaon  to  certain  pointsi  as  the  irork  U  modified  according  to 
the  locality,  the  corrent,  the  width  or  the  einuosity  of  the  water-course 
or  eetaary. 

According  to  the  reniarks  we  have  made  we  think  that  the  channel  to 
be  cut  through  the  ice-fields  on  rivers  of  an  average  width  of  60  to 
InO  m.  «hmi!d  bo  almut  12  in.  U)  20  m.,  for  very  wide  rivers  and 
estuaries.  2CK)  ui.  to  000  la.  and  nmrt^  it  might  be  80  m.  to  150  m.  or 
more  if  in  either  case  it  is  a  qutstiou  of  removing  a  bank  of  ice  similar 
to  tiiose  which  formed  on  the  Seine,  the  Loire  and  the  Su6ne  during 
the  winter  of  1879-80. 

As  we  have  said  above  in  the  case  of  stagnant  water,  the  method  of 
clearing  away  ice  that  is  not  more  than  12  cm.  to  IS  em.  thick  is  the 
same  for  mnning  water  for  similar  thicknesses.  The  axe,  the  saw, 
levers  and  crow-bars  may  be  employed  with  pnoees?. 

It  ■will  bo  well  to  iiiake  use  of  a  large  nniixhly  and  strongly  built 
boat  tlie  boWH  of  which  shmild  liave  a  doutde  enatinL"  i»t"  wrv>d  outside 
and  thirt  should  be  covered  with  sheet-iron  about  ■')  nun.  to  7  mm.  thick. 
A  oertain  number  of  men  are  put  on  board  and  from  tlie  shore  by 
means  of  a  rope  the  boat  is  hauled  upstream  straight  against  the 
edge  of  the  ice-field.  The  men  on  board  give  it  a  heavy  pitching  move- 
ment by  simultaneously  moving  fmm  sitem  to  stern  and  they  make  it 
roll  by  going  first  to  one  side  and  then  to  the  other. 

The  nndiilation  which  \h  trnnsmittod  below  the  ife  hreaks"  off  hnn'i>s 
from  the  edire.  The  boat  it*  moved  forward  as  the  icp-field  hreak.s  away 
and  the  men  armed  with  boat  hooks  assist  the  blocks  of  ic^e  to  get  into 
the  current  which  carries  them  away. 

This  craft  may  also  be  weighted  by  ballast  or  by  men  and  after 
attaching  to  it  a  long  hawser  to  which  six  or  ten  horses  are  hameesed, 
it  may  be  towed  along  at  a  trot.  The  boat  strikes  against  the  ice  and 
splits  it  and  slides  on  to  it  cracking  and  breaking  it  by  its  weight. 

On  the  Mame  during  the  winter  of  1892-93  by  this  method  with  the 
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help  (»f  a  finng  of  ten  bargemen  armed  with  boatn  we  wero  able  in 
twenty  hours  divided  into  two  shifts  to  cut  a  ehannH  50-_»  m.  long  and 
1 4  m.  wide  througii  an  iee-tield  18  em.  to  15  cm.  lhi<  k.  and  we  were  able 
to  tMivc  three  boats  whose  total  burden  amounted  to  780  tons  and  wiu< 
worth  fr.  600,000,  from  a  bank  of  ioe  upstream  which  touched  the  bottom 
and  was  composed  of  pieces  frozen  together  and  piled  up  to  a  thickness 
of  5  em.  and  would  certainly  have  carried  them  away.  The  cofit  of  this 
operation  amounted  to  fr.  460  We  were  inclined  to  UBe  charges  of  Fkvier 
powdrr  if  it  had  been  n«»ceH8ary,  either  before  or  durinji;  the  general 
Itrcakinir  np  nf  tlif  ire,  tr>  (1<  iinilinh  the  ice-bank.  Wo  had  fidciilatcd  the 
cliari,'i  s  in  tli<'  prnportiDU  of  lirins.  for  an  average  depth  of  1..tO  m., 

which  at  Uu;  explotiion  of  the  mine  enabled  us  to  count  up«in  holes*  of 
a  radius  of  about  4  m.  We  will  return  later  to  the  question  of  the 
use  and  choice  of  explosives. 

When  there  is  not  time  enough  or  it  is  impossible  to  create  a  channel 
suffidently  long  for  the  ice  to  flow  away  without  difficulty,  ships  and  boats 
should  be  protected  in  tlie  bows  and  sides  when  anchored  alongside  the 
bank  and  on  both  sides  when  anrliurt  d  in  mid-stream  with  a  sort  of  double 
covering  of  joists  2  m.  lonir  tmd  H  'M  rn.  thi<'k.  together  vertically, 

two  thirds  of  the  lengtii  (if  whi(  }i  arc  uiiib  r  wal*  r.  I'lic  moorings  must  be 
increased  and  chxiin  cables  should  Ijc  usliI  in  ihv  pri4w»rtiou  of  one  to 
four.  Metal  cable  resists  far  better  the  blows  and  shocks  of  the  blocks  of 
ice,  the  roughness  of  which  has  no  effect  upon  the  strands,  where  as 
hemp  cables  are  rapidly  worn  away,  cut  up  and  broken  by  the  nume- 
rous jagged  iloes  drifting  down  stream.  There  should  be  men  on  board 
anncrd  with  marlin  spikes,  spars  or  planks  with  wlii'  h  they  can  push 
back  the  blnrk.-^  nf  ice.  If  the  vo-^-scl  i«  a  stjeatnor  the  steam  should  bo 
kept  up  iift<  r  tlii^  i(>o  ha.>  !>•  en  cleared  away  astern  so  that  if  the  moo- 
rings or  anchor  cables  give  way  resistance  uuiy  l)e  made  to  the  ice  by 
driving  the  ship  ahead,  at  full  steam  if  necessary,  and  trying  m  long  as 
possible  to  avoid  getting  broad*side  on  to  the  drifting  ice,  to  stem  the 
current  and  gain  time  enough  to  moor  to  the  shore  or  to  change  to 
metal  moorings  or  double  hawsers. 

Under  dangerous  circumstances  when  the  ice  has  been  V)rcaking  up 
and  there  has  not  been  time  enough  to  open  up  a  channel  we  liave 
fitted  the  boat  with  an  ice-breaker  made  of  deal  joists  20  cm.  square 
and  10  m.  Innir  lirndy  laced  tojrether  in  the  shape  of  a  V;  thb  wood- 
work lloating  in  fn»nt  of  the  boat  and  lengthening  the  sides  throw  on  each 
side  the  floating  ice  which  attacked  the  bows  of  the  host. 

In  such  circumstances  for  four  boats  in  a  line  suiprised  by  a  very  hard 
frost,  -~16*  (ice  having  been  floating  down  the  river  for  five  days),  we 
fitted  Jicross  the  bow  of  the  foremost  boat  at  an  angle  of  20^*  a 
series  of  piles  20  cm.  in  diameter  and  B  m.  long,  which  descended  1  m. 
into  the  bed  of  the  river  and  2.00  m.  apart.  We  joined  these  piles 
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together  fay  means  of  horiionta)  joiatB  0.04  m.  thick  nnd  3  tn.  long, 
nailing  them  with  long  nails  and  forming  elide-bare  of  them.  The  tops 
of  the  pilef:  stood  out  about  80  cm.  and  tho  height  of  the  slide-bars  wa- 
7')  cm.  alx)ve  and  52  cm.  below  water,  tnppfher  127  cm.  We  u.^ed  the 
deck  of  the  boat  itself  for  erecting  the  mm  and  the  two  first  piles  upon 
which  a  platform  was  eonstmcted  ad  hoe.  For  the  flake  of  prudence  all 
the  tops  of  the  piles  were  lashed  to  a  hawser  made  fost  on  shore, 
and  struts  made  of  two  jiinc-^  1'  cm.  in  dirimptrr  find  9  m.  long, 
re.sting  on  the  fore-f^hore  did  hold  the  piles  1  and  li  in  pxjsition.  The 
convoy  was  Buved  from  the  floating  ice  which  arrived  six  hours  after 
completion  of  the  work  which  had  lasted  a  day  and  a  night,  and 
during  which  Wdla'a  light  was  used. 

The  nvorage  thickness  of  tht'  block?  nf  i(  c  cntning  down  with  the 
current  vriiB  20  cm.  to  25  cm.  and  they  measured  from  7  to  12  sq.m. 
Aitcr  the  first  blow  against  the  top  of  the  slide-bar  these  blocks  following 
the  diagonal  direction  that  had  been  given  them,  passed  the  line  of 
boats  the  crewB  of  which  had  only  to  keep  a  look  ont  and  have  their 
bars,  etc.  ready  at  hand. 

The  piles  and  joi.its  had  been  put  up  with  the  understanding  that 
the  timber  that  was  damaged  should  be  paid  for. 

Besides  the  indemnities  on  this  acoonnt,  the  caniage  baokwaids  and 
forwards  of  the  apparatus  and  the  labour,  the  cost  of  the  0])eration 
amoTintpd  to  fr.  7ss.  Thr^n  «»ix  boats  together  contained  a  cai^  of  1400 
tons  which  was  valued  at  fr.  1,1(X),000. 

For  ice-fields  0.75  m.  to  1  m.  thick  steam>boatB  bnilt  specially  for  the 
paipoee  may  be  employed  with  suooees.  It  is  dear  that  lor  this  work 
we  require  powerful  boats  the  fore-parts  of  which  are  strengthened  with 
some  rrsistinc  Tnctrd  such  .'i.-s  Moo].  Thf*«o  vrfsfp!?  will  be  fittfd  with  two 
or  three  water  compartments  in  th«'  Ih»wh  at»l  s^tern  which  may  be  ra- 
pidly filled  or  emptied  to  obtain  the  greatest  variiition  in  draught  when 
it  is  required  to  do  so,  both  fore  and  aftw 

Before  the  steamer  attacks  the  ice  the  compartment  in  the  steRl  is 
filled  with  water  so  to  raise  the  bow  which  is  built  \vith  a  sharp  curve 
like  a  npoun  so  that  it  can  glide  upon  the  ice.  If  however  the  ice  rvsLste, 
the  shock  of  the  boat,  the  weight  by  means  of  reservoirs  is  concentrated  in 
the  bows  and  the  froxen  surftce  is  broken  by  the  extra  strain. 

Among  the  most  powerful  specimens  of  this*  class  of  vessel  the  Muriajn^ 
a  ?tf>ambnat  built  at  Stockholm  at  the  works  of  Bergsund  for  the  Fin- 
nish Government,  may  be  mentioned  as  a  type.  The  Mtirtnja  is  intended 
to  keep  the  port  of  liangu  open  throughout  the  winter  where  the  ice 
attains  an  average  thickness  of  0.70  m.  TMs  ramming  boat  easily  breaks 
through  the  resisting  masses  and  mov^  safely  amidst  the  enormous 
bliK'ki?  of  ice  which  it  breaks  off.  The  MurUijn  has  a  length  of  47  m, 
between  uprights,  its  width  is  1U.97  m.,  depth  7.00  and  draught  astern 
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5.80  m, ;  its  diBplacPincnt  U  1070  Imt'-'  and  it  Is  driven  by  a  componnd 
engine  of  ??00  horse-pDWiT  with  a  surface  condenser.  The  vessel  is  divided 
inU»  air  ti<jht  compartmentB  the  two  endones  of  which  form  the  rewrvuirs 
necesfcwry  for  the  rnechaiiiciil  rocking  movement.  The  hull  i^  covered 
with  iron  armour  254  mm.  thick  at  the  water-line  and  158  ram.  lower 
down.  For  working  against  ice  of  an  average  thickneas  of  0.70  m.  the 
normal  speed  of  this  steamer  is  10  or  12  knots  an  hour  (1). 

The  repeated  shocks  made  by  the  rashes  of  the.se  \nx\f^  Ijesides  brea> 
king  off  considerable  pieces,  make  cracks  in  the  ice-tieid  which  extends 
for  a  long  disUmco  and  ermtly  facilitate  the  pcneral  breaking  up. 

While  we  arr  i>. cupied  with  this  subject  we  should  mention  that  in 
December  1S9<)  the  (ieneral  Inspection  Service  of  Navigation  on  the  Seine 
was  begged  by  the  Sub-Commission  of  Navigation  of  the  Municipal  council 
of  Paris  to  take  measures  to  discover  if  it  was  possible  with  the  help  of 
armed'boats  and  by  using  the  flotilla  of  ommfaus-boats  to  break  the  ice 
formed  on  the  river  at  Paris  and  to  keep  it  opeii.  This  interesting 
question  was  studied  with  great  ciire  by  the  Inspectors  of  Stemn 
Navigation  nn  the  vSeine  toge^er  with  the  engineer  of  the  Compagnie 
des  Bateaux  i'ari.sit  Tis. 

As  regards  the  ti|teeial  mana;j;f'iuent  uf  each  boat  the  following  are  the 
dcitukrata  arriveti  at.  The  hull  should  be  covered,  besides  the  specinl 
ice-breaking  arrangements,  with  a  coating  of  wood  0.U6  m.  to  0.06  m. 
thick  rising  0.90  m.  above  the  water  line  and  descending  0.60  m.  below 
it ;  this  oovering  being  indispensable  to  protect  the  iron  plates  of  the 
skin  against  the  pressure  and  ron^  edges  of  the  ice-blocks  which  might 
perforate  or  indent  thin  hulls. 

The  most  economical  solution  was  the  eniplm  tncnt  of  sepfirate  pannels 
4  m.  long  strengthened  with  joints  or  hiiiijrs  and  lixcd  to  the  Uiat  Ijv 
a  catc'h  on  the  upper  end.  The  frame  work  ot  dillereiit  sizes  being 
made  to  fit  the  shape  of  the  vessel.  The  pannels  on  the  bow  were 
plated  with  iron  0.02  m.  thick.  The  solidity  of  the  whole  frame* 
work  was  ensured  by  chains  running  round  the  pannels  and  by  cross- 
beams {)laced  upon  the  deck.  The  approximate  cost  of  this  arrangement 
amounted  to  fr.  800  per  boat  including  a  sort  of  cage  to  pr<  t  t  the  screw 
from  blocks  of  ice  which  by  their  weight  are  large  enough  to  rupture 
the  prnpollcr. 

It  was  essential  to  find  out  how  many  boats  would  hv  required  to 
keep  the  channels  free,  in  order  that  the  elibrts  made  might  be  crowned 
with  success. 

Each  boat  would  have  to  limit  its  field  of  action  to  a  distance  of 
500  m.  with  a  minimum  width  of  riv^  of  100  m.  Each  boat  therefore 
would  have  to  dear  and  keep  free  an  area  of  50,000  sq.m. 

(1)  to  AntMrioi  |Mddle*boato  simitar  to  this  are  wi. 
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The  river  ia  l^aria  12  km.  in  length,  would  therefore  require  twenty 
four  boats. 

The  entire  reach,  25  km.  in  length,  would  have  required  fifty.  The 
ezpouMS  for  the  orew,  per  day.  and  niglit  of  work,  would  amount  to 
fr.  72,  enginM  of  abont  80  hone-power  bam  2  tona  of  coal  pa  24  lionn 
whidi  ooflt  ft.  108,  oil  aiid  aundriiM  oome  to  ft,  5,  ilnia  bringing  the 

total  up  to  fr.  185.  The  daily  hire  of  fr.  100  paid  to  the  municipal 
AdminiHtratinn  must  be  added  to  thia  Bum  axid  the  total  will  therefore 
amount  to  tlr.  285  per  boat. 

This  estimate  was  calculated  for  Wu  days  of  continuotiH  froat,  bo 
that  the  cost  amounted  to  fr.  H7,(KX)  for  twenty  four  boats  and  fr.  182,500 
for  fifty  boatfl,  not  including  the  case  of  the  poerible  loss  of  one  of  tbeae 
boata,  worth  about  fr.  50,000,  for  which  the  city  of  Pane  would  have 
been  reaponeable. 

The  conclusions  arrived  at  in  th.-  report  of  the  Inepectore  of  Navigation 
on  the  Seine  were  un&vourable  to  the  carrying  out  of  this  project, 
partly  on  arcnurtt  of  the  exp*»iif*e  it  would  hitve  in^^Mrrod,  nnd  partly  on 
account  <'t'  the  indifferent  it  sult.s  to  Ix-  expected  owing  to  the  sharp  ixiws 
of  the  Btiteaux  Purisiens  which  would  liuve  attacked  the  ice  of  an  average 
thickness  of  0.30  m.  like  a  great  axe;  the  effect  is  consequently  only 
bit  over  a  restricted  area  and  in  the  direction  in  which  the  nuKKimum 
leststanoe  Is  met  with.  Moreover,  as  regards  manoeuvres  the  boats  would 
not  be  able  to  turn,  would  only  be  able  to  follow  on  a  sigsag  irr^ular 
course  by  making  sharp  turns  and  going  astern  to  fetch  each  new  tack. 
The  ofiicial  report  adds  that  the  (;old  may  be  so  intense  that  the  broken 
piece**  of  ice  dislodp-cd  by  the  bow  froze  together  a^'iiiii  a  few  metres 
astern  and  ])revent  the  i)ackward  movement  of  the  boat  which  Will  thus 
be  heiiiaied  in  and  become  useless  or  lo«t. 

Whatever  method  may  be  adopted  for  the  formation  of  the  ehannd, 
the  latter  always  has  a  tendency  to  become  blocked  once  more  by  the 
action  of  the  frost  To  avoid  this  serious  inconvenience  it  is  well  to 
make  a  rowing  )  oat  or  steam«launeh  go  np  and  down  or  better  still 
in  the  case  of  channels  of  great  length,  a  steamer;  a  paddle>boat  by 
prderenoe. 

We  will  briefly  in  the  following  pages  investigate  the  use  of  explosives 

in  the  form  of  charges  j)la(  ed  upon  or  below  the  surface  as  well  as  the 
methods  of  firing  them.  M.  LAMDfiRT,  chef  de  bataillon  of  engineers, 
mentions  in  his  report  that  at  Siuinuir  in  1H79— 80  they  fired  a  conti- 
nuous line  of  no.  1  dynamite  eariridges  lixe<l  end  to  end  on  rods  for  a 
distance  of  15()  m.,  using  100  kilo  of  the  explosive  for  t  ach  operation. 
The  bank  of  ice  presented  a  thickness  of  1  m.  and  after  the  explouon  it 
was  observed  that  there  were  numerous  fissures  from  wliich  cracks 
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departed  in  evt-ry  tiirwtion  and  a  furrow  of  nn  average  depth  of  0.40  ni. 
directly  below  the  rods  supporting  the  dyimiuite  (1), 

Tlie  1^  toanch  of  te  Seine  at  Bongtval  is  barred  hj  the  mill  and  weir 
of  Ubrly  and  a  little  way  up  stream  ,  by  a  foot  tnridge  intended  for  the 
service  of  the  lock  of  Bougi^.  In  1879—80  masses  of  broken  pieces  of 
ice  heaped  up  till  they  formed  a  formidable  bank  in  thin  r<>n fined 
region,  snnk,  when  the  thaw  and  general  brenkino^  up  of  tlie  ice  took 
place,  a  l.irjrp  number  of  hont"  nnd  barges  anchored  in  tliin  braii<^h  where 
they  had  originally  sought  salVty.  It  was  essential  to  take  means  to 
prevent  these  desastcrs,  and  ac  cording  to  the  report  oi  captain  De  Fklix, 
military  engineer  (1),  they  employed  at  Bougival  in  1890 — 91,  on  the 
small  brandi  of  the  Seine  wfaioh  was  covered  with  ice  0.80  m.  thick  a 
cfaun  of  pkardB  of  melinite  or  Favier  powdw  at  a  distance  of  about  1  m. 
apart  and  fixed  by  connected  fbses.  The  pilardB  were  first  placed  in  a 
groove  made  by  hand  at  an  average  depth  of  0.10  m.  the  tamping  was 
effected  by  filling  in  with  snow.  After  the  explosion  there  was  a  cutting 
3  m.  broad  which  ponstitiited  a  small  channel  that  was  rapidly  widened. 

Ill  these  two  exumpk'H  the  results  obtained  may  be  considered  as  very 
satisfactory.  The  fissures  are  not  always  nmdf  so  suctressfully  and  to 
obtain  satisfactory  results  it  is  well  to  use  a  continuous  line  of  p&ard». 
This  was  done  in  the  case  of  an  ice-field  which  formed  on  the  10*^ 
January  1891  above  the  bridge  of  Confians^Andrtey.  The  existence  of 
this  bank  of  ice  became  very  dangerous  for  the  bridge  as  well  as  for 
that  of  the  ndlway  and  the  weir  of  Andr^.sy  situated  down  stream.  In 
fact  at  the  general  breaking  up  of  the  i(  <■  such  a  barrier  might  for  a 
moment  liavc  stayed  the  How  of  wat^^r  and  ice  coming  from  up  ftreaiu 
and  cauHed  tht  iii  to  spread  out  with  an  irresistible  impetuositv  when  the 
pressure  becoming  excessive  it  might  have  overcome  the  resistance  of 
this  barrier.  It  involved  the  destruction  cl  constmetive  works  and  nnm* 
bers  of  boats  moored  along  the  shore  and  imprisoned  in  this  spot. 
A  detachment  of  sappers  under  the  command  of  one  of  our  collea- 
gues, Lieutenant  Tmuh,  was  sent  ftom  Versailles  in  order  to  effect  the 
distraction  of  the  i<'ctield  with  the  aid  of  civil  engineers. 

Tiefore  attac  k int'  the  ice  near  the  road  bridge  it  wag  first  necessary  to  free 
tlie  reach  between  the  hitter  and  the  railwav  l>ri(lgf,  where  the  iee  might 
interfere  with  the  desctnit  of  the  pieces  broken  oil  from  the  ice-lield.  This 
coating  of  ice,  0.10  m.  in  thickness,  was  dislodged  by  means  of  rows  of 
melinite  petards  (135  grms.)  1  m.  apart  fired  by  connected  fuses.  The 
blocks  of  ice  detached  were  then  cut  up  by  a  gang  of  bargemen  working 
with  axes  and  engaged  for  the  purpose. 

As  soon  as  this  passage  was  open  the  destruction  of  the  main  i>  ( -field 
was  commenced.  The  first  thing  was  to  dear  away  the  first  bay  from 

(1)  Revue  du  Qiaie^  September— October 
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the  right  short*  occupying  ahout  si  quarter  of  tho  width  of  the  rivor, 
whore  the  ioc  hnvinp;  a  thickno«8  of  0,r>()  in.  ntill  profJentod  thf  form  of 
a  bank  of  !<  «•  wiihin  about  KK)  m.  of  the  bridge,  although  over  the  other 
three  (juartt-rw  it  wan  1  m.  thick. 

It  is  understood  that  operiitione  were  commenced  down  stream;  a 
cutting  was  mode  in  the  ice  b\  fneaxis  of  axes,  so  as  to  dislodge  a 
rectangular  block  about  10  m.  long  (in  the  direction  of  the  current)  and 
15  m.  broad.  To  effect  the  lines  of  fracture  five  grooves  were  cut  mth  axes 
in  the  snrfiuse;  in  the  centre  of  each  of  these  a  petard  of  200  grms.  of 
Fuvicr  powder  was  placed,  laid  flat  at  the  bottom  and  covered  with  a 
tampioL'  '>♦"  uid.  These  pefarrh  were  fired  bv  connected  fuses  of  melinite 
and  a  Hicklurd  uialch  and  cap^  of  fulminate  of  mercury. 

The  result**  after  the  ex{)losion  were  perfect  and  the  fragmeuta  from 
the  block  were  carried  awa\  by  the  cnrr^t.  The  most  serious  difficulty 
was  met  with  in  making  the  cutting  through  the  ioe-bank  proper.  We 
have  alnady  said  that  the  average  thickness  of  the  bank  in  this  place 
was  more  than  1  m.,  and  the  cliain  of  <  artridgen  was  insoffident  to 
completely  sever  the  frozen  mass,  liegular  mining  chambers  were  dug  to 
a  depth  of  about  1  m.  and  were  charged  with  2o00  gnuf*.  of  Favier 
powder  in  a  putticient  nninbt  r  of  cartridges  joined  together  on  rods  and 
covered  with  a  tamping  of  sand.  The  whole  was  bred  by  electricity 
(detonators  of  fulminate  fired  by  electric  percussion  from  the  river-shore). 
The  effect  of  the  explosion  waAsd  to  a  distance  of  30  tn.  and  made  a 
hole  with  a  radius  of  3  m.  which  was  filled  with  the  d^wis^  and  even 
broke  the  ice  beyond  tlus  ladins,  so  that  the  sappers  and  bargemen 
with  boat-hooks  detached  large  blocks  which  they  drew  into  the  current 

Underneath  these  fragments  enormous  quantities  of  rotten  ice  were 
carried  down 

When  these  ]iieoes  of  ice  were  too  large  they  were  broken  by  a 
petard  of  melinite  placed  upon  tiieir  surface  the  fuse  of  which  was  lighted 
from  the  bank. 

In  the  course  of  a  week  a  channel  about  70  m.  wide  opened  up  over 
a  distance  of  300  ro.  The  quantity  of  ice  cleared  away  amounted  to 
10,000  cub.  m.  and  about  160  kilo  of  explosives  were  used. 

The  general  breaking  up  of  the  ice  took  place  during  the  night  of  the 
24'^  25"'  and  not  one  of  tho  numeron?  boat'*  moored  along  bank  was 
injured,  while  the  constructive  works  remained  intact. 

We  have  given  a  detailed  acc<Mnit  of  this  ()iieration  because  in  our 
opinion  it  represents  the  method  of  employing  charges  on  the  surface 
kar  the  special  work  of  which  we  treat  in  this  paper,  and  because  the 
clearing  away  of  the  ice  at  Conflans  was  effected  under  the  most  unfile 
vourable  conditions  which  an  engineer  or  naval  officer  can  meet  with. 

From  what  we  have   already  said  and  from  our  own  praotical 
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experience,  it  is  evident  the  use  of  charges  on  the  eur&ce  givee  but 
comparatively  freeble  results. 

The  results  are  far  better  if  the  charges  are  placed  water  like 
toipedoes,  aa  the  effect  is  increased  by  the  efieet  <tf  the  excelleat 
tamping  formed  by  the  ice  which  donblea  at  least  the  efieet  of  the  water 
tamping. 

Let  us  first  see  what  are  the  exterior  effecte  nf  a  subniprged  charge. 
When  fired,  the  immediate  conseqnenee  nf  the  sudden  dellagration  of  the 
powders  is  the  {jroduetion  of  a  great  quantity  of  vapour  and  gas  at  a 
temperature  of  about  2400^  This  elastic  body  distends  and  drives  back 
the  molecules  of  water  in  every  direction,  by  which  means  a  space  is 
created  in  the  water.  This  chamber  has  momentarily  the  form  of  a 
sphere  described  from  the  powder  as  centre  with  a  radius  whudi  at  fint 
is  very  limited. 

Effects  of  two  kinds  then  occur,  the  one  exterior  the  t)ther  interior. 

Tbiri  enormons  bubble  of  <:as  which  has  formed  in  the  water  strictly 
obeys  the  laws  of  gravitition  and  rapidly  rises.  The  sphere  representing 
the  chamber  of  gases  is  trausiformed  into  more  or  less  oval  form  and 
the  new  body  has  its  major  axis  vertical.  The  dimensions  of  this  oval 
become  larger  and  tiie  free  BUtftce  of  the  rivw  or  the  sea  rises  into  a 
dome.  Then  a  great  segment  of  a  sphere  appears  and  the  oval  babble 
bursts  the  snmmit  of  this  segment  md  finally  escapes  into  the  atmoaphere. 

It  c^n  be  11  n  1  :  '  >  Mi  that  if  upon  its  arrival  at  the  sarfoee  the  oval 
bubble  meets  with  a  layer  of  ice  which  prevents  it  from  expanding  in 
the  air,  the  energy  of  the  sajsw  which  form  it  spend?  itself  against  the 
resisting  covering  of  ice  which  intercepts  its  diil'usion  in  the  air  and 
that  the  pieces  of  ice  are  at  once  dislodged  over  a  wide  area  and  are 
sliattered  wherever  less  resistance  is  offered  to  the  submerged  charge. 

On  the  other  hand  the  interior  effects  of  the  explosion  under  water 
consist  in  a  violent  commotion  which  is  transmitted  thzoughont  the 
neighbourhood  of  the  charge.  This  vibration  which  is  felt  to  a  consi- 
derable distance  is  caused  by  the  expansion  of  the  gases  resulting  fnun 
the  expl(>«inn  which  rapidly  strike  and  drive  back  the  medium  in  which 
they  have  developed.  Water  being  an  incompressible  medium  irant^mits 
the  shock  and  pressure  in  every  direction.  This  concussion  in  propagated 
through  the  water  at  a  velocity*  of  1400  m.  a  second  and  gives  rise  to 
a  wave  the  force  of  which  decreasM  in  proportion  to  the  square  of 
the  distance.  It  is  therefore  denrable  in  these  circumstances  to  place 
the  charge  a  little  below  tike  ice  so  as  to  make  ftill  use  of  the  natural 
tamping  formed  by  the  Im  umprcsiiible  liquid  in  order  to  obtain  -a 
wave  capable  of  dislodging  the  frozen  surfiuw  whilt  at  the  same  time 
the  enersy  of  the  iras  developed  \9  not  hinder<'d  f-om  ctiiH-tinj^  the  rupture 
of  the   ire,   and   economy   in   the   use  of  the  explosive  is  not  forgotten. 

As  these  operations  sometimes  take  place  in  the  neighborliood  of  boats 
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it  if?  npcessary  Wm'it  the  *>xtpnt.  of  tho  fharges  to  a  Pomparntively 
re«'trif^ted  radius,  for  if  ia  important  not  to  forget  that  this  interior 
commotion,  due  to  the  force  of  the  expansion  of  the  gases  is  far  from 
being  inoffensive  t*>  tioatiug  bodies.  Within  a  ceruiin  distance  of  the 
oMitM  of  tite  ezptoflion,  a  dislaaoe  that  may  bo  -  called  the  ndiuB  of 
raptiiie»  the  iceulting  wave  blows  all  veeaels  to  piecee ;  bey<Hid  this  mne 
and  within  other  limite  it  crashes  or  injures  them. 

It  19  evident  that  if  these  phenotnena  are  8atisfa<'tory  as  regards  the 
breaking  of  the  ice.  the  case;  is  different  for  the  hulls  of  boats  or  ships 
which  may  be  within  the  radius  of  rupture.  Therefore  submerged 
charges  cannot  be  nsed  for  the  clearing  away  of  ice  iu  the  neighbour- 
hood of  vessels  without  running  considerable  risk;  therefore  charges 
placed  on  the  surface  or  mechuuic4il  operations  would  have  to  be  u.-^ed. 

It  appeMB  to  OS  di£Scttlt  to  detwinine  the  eacaot  limits  of  the  dange- 
rous sone  created  by  an  explosion  of  a  charge  below  water  and  these 
laws  cannot  be  condensed  into  algebraioal  formulae;  the  dtarge,  the 
medium,  the  thicknen  of  the  ice,  the  digtanoe  of  the  floating  bodies 
from  the  charge,  are  so  many  fact<jrf<  ot  a  luont  variable  nature. 

It  seems  to  tis  risky  to  proceed  otherwise  than  hy  ex]>erienee  to  find 
the  radius  of  this  dangerous  circle.  However  it  may  be  observed  that  tht: 
lateral  effects  of  &  charge  below  water  are  less  than  the  vertical  enects. 

With  the  exploeivee  employed  or  famished  by  the  military  engineers, 
at  the  request  of  the  dvil  engineers,  the  expense  was  comparatively 
heavy.  For  the  requirements  of  oommeroe  and  industry,  in  whieh  tiie 
interests  of  private  individuals  demand  the  most  complete  economyi  it 
has  been  sought  to  use  cheap  aq»lomves  which  may  nevertheless  produce 
results  alinoHt  equal  to  those  censed  by  the  warlike  material.  Snch  are 
the  safety  powders  invented  l)y  Colonel  Favier  of  the  Engineers  which 
are  nitro-hydroearbonat-es  (nitrate  of  ammonia  and  nitri)  napthaline). 

Dynamite  and  nitro-glycerine  hnve  the  serious  inconvenience  of  freezing 
at  8^  which  aft  temperatures  of  —10"  to  —16*  makes  the  transport  of  them 
most  dangsrons.  It  is  generslly  supposed,  quite  erroneously,  that  it  is 
absolutely  necessary  to  thaw  dynamits  to  use  it  with  efifect  Besides,  the 
operation  of  warming  it  is  attended  with  the  greatest  danger  and  requires 
much  time.  It  may  be  exploded  by  juriming  the  cartridges  with  caps 
of  fulminate  (2  (rr7?i!=i,Y 

The  melinite  employed  by  the  military  engineern  at  the  expense  of 
the  Htate  or  of  private  pergoua  comes  to  fr.  7.50  the  kilogramme.  It  is 
therefore  an  expensive  explosive. 

The  dynamic  effects  of  Favier  safety  powders  respond  greatly  to  the 
various  needs  of  the  special  work  for  the  deariim  away  of  the  ice  with 
which  we  are  occupied. 

These  explosives  have  the  advantage  over  dynamite  of  being  insensible 
to  frost  and  ovw  melinite  ss  regards  the  price  which  is  fr.  3.50 
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the  kilo.  Like  rneiinite  the^e  powders  iiuiv  be  tnovcd  without  any  spe- 
cial care.  They  are  nf»t  rc^'unlcd  on  railroads  as  dantrerou.s  goods  pro- 
vided they  travel  apart  from  the  fulminate  priming,  tavier  explosives 
which  do  not  explode  undor  the  aetion  of  flame  and  xesut  violent 
shocks  only  go  off  under  the  influence  of  caps  or  detonators  of  Eliminate 
of  merenry.  They  have  ther^ore  the  same  advanti^eoiis  properties  as 
melinite.  We  recommend  them.  The  detonators  for  Favier  safety  powders 
ore  made  with  a  mininmm  of  1  gr.  of  folminate  of  mercury  in  each. 

Th-'  ]>nminw  of  the  rurtridjics  is  the  name  m  for  dynamite  cartridges; 
:i  hole  is  made  in  tht?  (  (  utre  of  the  powder  contained  in  the  middle  of 
tile  carlridgf,  nft^^r  havin^^  ruifcd  the  edges  of  the  outside  paper  which 
envelope  the  latter,  and  the  cap  is  hurried  in  it.  The  match  is  next 
fixed  to  the  paper  hy  means  of  a  string.  The  blasting  ciip  should  be 
placed  in  a  whole  eartridge  in  order  te  have  a  greater  initial  eneigie. 
There  is  no  fear  of  if  going  off  by  contact  with  the  match  as  in  the 
case  of  dynamite,  for  the  Favier  powders  are  np  we  have  already  said 
very  difficult  t<»  explode  The  blasting  cap  may  therefore  be  driven  in  a« 
far  as  it  will  go;  by  this  means  it  is  better  preserved  against  shocks 
of  the  ramnung  by  dry  tamping. 

The  preservation  of  Favier  powders  only  requires  by  way  of  precau- 
tion that  they  should  be  stored  in  dry  places,  that  boxes  should  be 
on  shelves  and  the  cartridges  not  opened.  It  goes  without  saying  that  if 
these  cartridges  are  opened  or  broken  and  remun  long  in  this  condition 
they  become  unnsabk,  like  all  other  explosives  containing  nitro-hydro- 
carbonates  and  especially  nitrate  of  ammonia. 

The  explosive  seldom  misses  fire,  but  the  detonators  and  fulminate 
{•ap^  which  have  been  allowed  to  tret  damp  may  do  so  :  it  if  therefore 
ah8<^>lutcly  necessary  to  keep  the  cup;?  perfectly  dry  and  to  avoid  in 
manipulating  them  striking  them  or  letting  any  hard  foreign  substance 
mingle  with  them,  the  least  serious  result  of  which  would  be  to  set  the 
cap  off  in  the  hands  of  the  operator  and  thereby  seriously  injuring  him. 

For  charges  under  water  ordinary  black  powder  may  also  be  used.  We 
made  use  of  it  some  years  ago  to  break  ice  of  an  almost  uniform  thick> 
ness  of  21  cm.  in  a  ba<*in  having  an  area  of  sq.m.  We  tt)ok  some 
bottles  which  go  by  the  name  of  8aint  f lulmier  whieh  have  a  capnHty 
of  about  0.95  litres  and  in  which  600  grms.  of  black  p<iwder  was  intro- 
duced. These  were  corked  with  ordinary  corks  perforated  to  admit  the 
waterproof  Bickford  fuse  one  end  of  which  was  buried  in  the  powder. 
The  cork  was  covered  with  putty  and  was  firmly  united  to  the  connecting 
fuse  and  the  neck  of  the  bottle.  An  iron  wire  forming  a  ring  was  &ste- 
ned  to  the  bottle  which  was  hooked^  after  the  free  end  of  the  Bickford 
match  had  been  lighted  to  a  boat-hook  fixed  to  tb  id  of  a  pole 
about  n  m.  long.  A  hole  aslant  was  du'^  in  the  ice  liy  means 
of  axes  and  picks  a  little  behind  the  part  it  was  wished  to  break.  This 


uiyiii^ed  by  Google 


19 


pole  was  puslted  under  the  ioe  m  nearly  horisontally  and  aa  fat  from  the 

hole  as  possible,  the  bottle  still  hanging  on  the  end  of  it.  The  length  of 

the  Bickford  fuse  was  calculated  to  take  a  minnte  to  burn.  The  part 
above  thr;  atirfat^e  was  terminatpd  by  a  strop  t*)  u  liii  h  a  bag  of  sand 
was  attached  to  ke«p  the  pole  as  nearly  horizontal  n»  posaibli)  and 
prevent  it  from  getting  underneath  the  ioe. 

The  exploflioQ  dislodged  the  ice  over  a  radios  of  about  C  m.  and  crac- 
ked it  for  (loulilf  tli:it  distance.  Equally  snti«factory  results  could  be 
obtained  in  nmiiing  water.  It  seenjs  thai  lliis  system,  or  one  very  like 
it,  is  used  by  the  Genuans,  We  were  not  aware  of  thia  feet  when  we 
began  with  the  experiment  above  mentioned. 

To  fire  the  charges  a  slow  match  also  known  as  a  safisty  or  Bicldbrd 
fuse  is  employed.  It  is  a  continnons  thrond  of  powder  ti<j;htly  {lacked  in 
a  tube  3  mm.  in  diameter  which  h  containt  d  in  coni  which  is  it«elf 
composed  of  two  coverings  of  tow  or  tarred  thread  rolled  in  a  spiral  one 
acroae  the  other  in  opposite  directions.  The  outer  diameter  of  the  oord 
ia  about  5  mm.  Such  is  its  general  composition.  The  watcr*prouf  Bickford 
match  which  Hh  uilii  lu'  used  by  preference  for  clrarinp  away  ice  is 
covfreH  with  L'Utt,i-]ii'rcii:i  or  raontrhnnc  Thi-?  slow  mat-ch  hums  regu- 
larly, even  at  a  depth  ol  10  m.  below  water,  at  a  speed  of  1  m.  in  90 
seconds. 

Before  using  this  contrivance  it  is  alway.i  essential  t<i  take  care  that  it 
is  in  good  condition  and  especially  that  it  is  not  crushed  in  any  places 
and  that  the  continuity  is  nowhere  broken.  Tt  is  well  to  burn  in  the  air 
1  or  2  m.  of  the  packet  of  Bickford  match  that  is  to  be  used  and  thus 
to  test  faefordiand  the  speed  at  whidi  it  bums. 

This  waterproof  fuse  may  be  left  under  water  for  several  daysi.  It  is 
therefore  excellently  well  suited  for  firing  chaiges  under  water  for  the 
destruction  of  ice-fields. 

in  order  to  fire  a  charge  a  piece  of  Bicktord  match  is  cut  off  long 
enough  to  allow  a  person  to  get  far  enough  away  before  the  explnrion, 
calculating  the  combustion  at  the  rate  of  90  seconds  to  the  metre.  The 
end  of  (lie  r>i<  kf<ir(I  match  i(<  driven  a~  far  as  possible  into  the  cap  of 
fulmiiiati  so  that  it  may  tounh  the  fulminate.  The  cap  thu.s  prinied  is 
driven  into  the  charge  which  is  previously  placed  in  some  closed  and 
water-tight  reoeptacie,  care  being  taken  to  cover  the  Bickford  match 
pSASing  through  the  neck  of  the  reeeptacle  witli  a  little  Cbfttterton 
wax  (1).  We  have  just  said  that  for  firing  the  ehaiges  under  water, 

(i)  Cbattertofi  wax  Is  sold  in  sticks  which  must  be  kept  in  »  rnni  place.  It  is  «  inti> 

tiiic  i>T  gutta-perclia,  tar  and  resin.  Before  using  it  must  In-  vKftcn.  .1  iiv  lu  :0  Th'-  ftLinje 
of  a  caitiilc  may  be  n$e<l  care  being  taiten  tu  keep  it  ut  a  isuiubie  (ii<iliiiic4::  tVuiii  the 
powders  and  fu«t«s. 

TlwoMtiog  is  spftllMl  and  workad  with  w«t  Angers  till  tlw  requisite  sliape  te  obtained. 
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about  tL.  minute  after  they  were  let  down,  we  simply  used  very  fat  patty 

for  sticking  the  liickford  match  to  the  orifice  of  the  receptacles.  This 
putty  wa?  preserved  from  the  cold,  until  it  was  used,  by  being  rolled 
continually  in  the  hands  of  a  barge-man.  This  primitive  method  succeeded 
very  well. 

The  use  of  the  Biekford  match  is  in  onr  opinion  the  best  pyroteehnio 

method  of  firing  mines. 

Of  the  various  methods  of  firins  by  electricity  the  beet,  according  to 
the  atmospheric  conditions  met  with  in  winter,  is  not  to  use  a  battery 
thai  reqniiw  a  solution  that  is  liable  to  freese.  On  acoount  of  this  great 
inconvenience  it  is  preferable  to  use  a  mai^etlo-eleetric  apparatoa  for 
firing  the  priming.  The  in^^trumentfl  which  fiie  by  peieuflBion  act  well 
in  all  weathers  nnd  wi  igh  little. 

This  apparatus  constructed  by  Breguet  consists  of  a  U  shaped  magnet 
fonned  by  several  layers  of  steel  blades;  round  the  two  poles  are  fixed 
cmIb  which  are  rolled  up  in  such  a  manner  as  to  produce  the  greatest 
effect  and  are  connected  with  the  circuit  whirh  rontiuns  the  priming. 
An  amiattirc  nf  ?oft  iron,  touching  the  poles,  turuH  round  a  hinge 
parallel  to  the  line  of  the  poles ;  it  is  governed  by  a  bent  lever  ending  in 
a  button  which  is  wtmck  smartly  with  the  fist ;  the  armature  rapidly 
moves  away  prodticing  an  induced  current  in  the  coils ;  bnt  a  spring 
attachetl  to  the  bent  lover  touches  a  fixed  screw  and  keeps  the  coils 
short-circuited  during  the  first  part  of  the  rotntion.  It  is  only  at  the 
end,  when  the  extra-current  is  added  to  the  induced  current,  that  the 
spring  leaves  the  screw  and  sends  the  whole  current  into  the  eireuii 
of  the  priming.  The  regulating  of  the  fixed  screw  is  therefore  a  matter 
of  thf  lii^hest  importance.  It  must  Vn-  madf  in  such  a  manner  that  the 
spriiif;  !^h:ili  not  lonvp  the  w^rew  until  ihi;  urmature  is  no  longer  in  con- 
tact with  the  magnet,  but  immediately  after  this  moment  is  arnveii.  A 
SO  called  safety  bolt,  which  is  only  opened  when  the  priming  is  to  be 
fired,  renders  the  armature  immoveable  and  prevents  accidents. 

Twoconnectingscrewsare  placed  in  the  lower  part  of  the  apparatus.  Between 
these  two  screws  the  priming  should  bp  arranged  in  tension,  that  is  to  say  the 
wire  from  the  first  screw  should  end  in  one  of  the  wires  of  the  tirst 
cap;  the  other  wire  erf*  this  is  connected  with  one  of  those  of 
the  second  cap;  the  second  wire  of  the  latter  to  the  third  and  so 
on  until  the  last,  the  second  wire  of  which  should  be  eonnected  to  the 
rie<'(»n<l  screw  of  the  ap]>aratus  fur  rejrnlar  trams,  which  we  will  treat  of 
later  on.  If  only  one  charge  is  t<>  bf  bred  the  wire  of  the  first  connecting 
screw  ends  in  one  of  the  wires  of  the  cap.  the  other  end  of  which  is 
joined  to  the  second  wire  which  is  fixed  to  the  second  screw  of  theappSp 
ratuH.  We  have  already  said  that  the  priming  should  be  placed  near 
thr  rentrr-  i.f  the  charge  of  powder  or  driven  intn  the  middle  of  the 
cartridge  the  deflagration  of  which  it  is  intended  to  provoke. 
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The  induction  current  produced  being  a  current  of  high  tengion  the 
dietunce  between  the  furimini?,  and  oonaeqnently  between  the  minee  or 

partridges,  and  the  apparatus  may  be  ne^eeted  and  may  be  conflideniblc 
without  inr  onvpnifurp.  The  jipparatus  on  n  nmall  scale  weifrhjj  2.7'  kilo 
and  is  able  U)  tire  two  primings;  the  medium  size  weighs  8.50  kilo  aud 
fires  eight  prlminge,  and  the  large  eise  weighs  10.<K)  kUo,  and  fires  twelve 
priminga.  The  medium  mse  seems  to  us  to  be  the  most  naefhl. 

It  ia  however  essential  to  take  great  care  of  the  eoDnections  between 
the  condiirtintr  rablpv  and  the  pritnintrs  to  on^nrp  contact;  it  will  be 
well  to  polish  by  scraping  them  with  a  knife  the  uncovered  ends  of  the 
wires  to  be  connected;  the  conQcctiona  should  then  be  isolated  with  gutta* 
peicba  doth,  gold-beaters  skin  or  paper  in  order  to  obviate  theur  contact 
with  the  ground  or  the  ice. 

Carp  must  be  tnkfn  not  to  pull  hard  nn  thr  svircs  of  the  primings 
for  fear  of  pulling  them  out  or  of  injuring  the  priming.  We  have 
already  pointed  out  that  fulminate  priming  bhould  always  be  kept  free 
from  damp  (1), 

With  regard  to  the  thickness  of  the  wires  it  is  well  to  use  the 

foUnwintr  hIzcb: 

The  red  copper  wire  intended  to  connect  the  primings  should  be  live 
tenths  of  a  millimetre  and  should  be  covered  with  an  isolating  substance 
(gutta-percha)  two  millimetrea  thick.  The  red  copper  wire  intended  for 

•  the  transmission  nf  the  main  current  will  be  from  seven  to  nine  tenths 

of  a  Tiiillimetre  in  diiituctcr  ;inil  should  be  covered  with  cott^ni  bisidcs 
the  isolating  envelope  of  gutta-percha,  it  is  more  convenient  to  use  double 
conductors,  that  is  to  say  two  isolated  \yires  pkced  side  by  side  and 
bound  round  with  cotton. 

Electric  priming  is  made  like  ordinary  fulminate  priming,  but  with 

the  iuldition  of  n  (•<  rtjiin  quantity  of  gtin-rotton  in  which  a  s|iirul  of 
platinuiu  that  becomes  red-hot  when  the  current  passes  through  it,  is 
buried. 

As  regard  the  calculation  of  charge  we  might  hers  mention  the  role 

adopted  hy  minora: 

Tonhlnin  hi  kiUygrnmmex  the  rharr^e  nf  nn  nrrtinnry  mini  of  irhirh  the  line 
of  least  rmJuUtnrf  h  t*  yiven  in  metres,  cube  thifi  krujth  and  multiply  the 
renUt  by  a  coefficient  g  which  dependi  on  tiu  nature  of  tlu  gmimL 

This  rule  is  expressed  by  the  following  equation: 

It  is  earily  nndcr.s(oo<l  thut  for  ire  there  is  mttch  uncertainty  in  the 
choice  of  the  coethcient  of  a  medium  that  is  so  variable.  In  a  very  remark- 
able military  study  on  the  breaking  of  ice  (2;,  Captain  Bbrtrand  of  the 


(1)  With  the  above  menUonsd  apparatus  Abel*s  cisetrk  datdastan  may  Iw  nisil. 
(>>  RmM  da  Ooii^  Sefttambir-OctolMr  IBM. 
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Bne^neen  says  that  if  ordinary  mines  are  used  in  pack-iee  in  such  a 

manner  as  to  form  a  connected  line  of  boles,  the  formula  r  —  fjh^  may 
be  tried,  where,  f  being  expressed  in  kilognunnie«  !ind  h  in  metre?,  7  is 
equal  to  1  for  powder  and  to  0  5  par  dynamite,  and  he  adds  that  this 
formola  aappoees  that  the  tamping  is  effected  under  good  oonditiona. 

We  think  that  during  hard  frost  and  with  the  ose  of  powder  the  ioe 
nmy  be  treated  as  bad  masonry,  and  in  this  ca.se  7  =  3,  which  for  a 
mine  placed  at  a  depth  of  in.  in  ice  of  a  consistence  equal  to  tluit 
of  inferior  masonry  would  give  a  charge  of  10.10  Idlo  of  powder  per 
mine  and,  at  a  depHk  of  1  m.,  8  kilo. 

For  Favier  powder  the  charges  are  calonlated  in  the  following  pro- 
portions: 

1.  For  I   in  weight  of  no.  1  dynamite  take  1  in  weight  of  no.  1 

Favier  powder; 

2.  For  1  in  weight  of  no.  1  oompreeved  powder  take  V«     Vt  ^  ^ 

Favier  powder; 

3  For  1  in  weifl^t  of  no.  1  powder  in  grains  take  V«  ^  Vt  of  no.  1 

Favier  powder. 

It  is  essential  not  to  crush  the  cartridges  in  the  tamping  or  their 
densi'fy  will  be  increased. 
The  following  figures  indicating  the  sendbility  of  the  Favier  pms  deis 

under  the  action  of  fulminate  of  inercuiy  in  pn^portion  to  their  density, 
show  how  important  it  is  not  to  increase  the  density  of  the  explosive 
in  the  mine. 


At  •  density  of  t  tbo  opIoilTC  nqiiliw  m  cap  mbMbIdc  ant  fim.  of  MaUMto. 

•  •        •  «  UO  •  •  «  •  •  a  UH  mm  m 

•  mm  •  tJU  •  •  •  II  •  •  Uii  «  •  » 
m  m       m  m  MB  ■  «  m  m  m  «  SJOO  *      *  • 

•  •       •  •  liflO  •  •  •  H  •  •  84)0  mm  9 

•  *    «  <■  iM  •  «  «  •  •  •  aio  «  •  • 

•  «    •  •  IM  •  •  «  •  •  ■  ijOO  •   •  • 

•  •     •  •  UV «  *  *  «  •  «  Ui  •    •  ■ 


It  is  evident  that  if  by  an  inadvertent  compression  an  explosive  at  a 
density  of  1  is  given  a  density  of  1.50,  instead  of  a  cap  of  0.75  gnu.  of 
fohninate,  5  grms.  wonld  be  required. 

To  fire  H(>voral  charges  or  mines  at  the  name  moment  it  is  necessary 
to  re<;ulate  tlie  tranHmi9sif)n  of  the  tire,  that  is  to  say  to  arrange  it  in 
order  that  from  the  point  of  lighting  to  the  charsres  or  mines,  the  length 
of  the  lUekford  match  may  be  in  such  proportion  that  the  charges  do 
explode  simultaneously.  The  following  arrangement  (figs.  X,  Y,  H)  may 
be  adopted,  avoiding  right  angles  and  very  sharp  bends  which  would 
retard  the  regular  progression  of  the  combufJlion  of  the  Hickford  inat/^"h, 
which  it  will  be  remembered  is  at  the  rate  of  1  m.  in  IX >  9e<-onds.  The 
greatest  care  will  l^e  ttiken  that  in  the  connections  the  pieces  of  the 
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Bickford  match  ia  contact  shall  be  perfectly  united  and  covered  over  so 
that  there  may  be  no  risk  of  the  continuity  in  the  fuae  bang  broken. 

Fig.  4.  Pig.  6.  Fig.  6. 

X.  Y.  Z, 


For  ciui8ing  KiniultaneoQB  explooona  by  means  of  electricity  two 
methods  may  Ue  ueed: 

1.  The  method  of  completing  the  dretdt  whin  the  priming  is  placed 
in  the  same  eireuit  and  the  same  current  passes  through  the  priming 
of  all  the  cartridges.  This  system  is  the  most  usual  in  clearing  away  ice. 

Example:. 

Fig.  7. 


B.n*r,.  I  n  n    r'  r 

••i  U  U  w 

a     «     g     «  Ubumoa. 

2.  The  method  of  secondary  dreuits,  when  each  priming  is  placed  in 
a  particular  <dicuit  formed  by  secondary  r,onduftf)rH  which  end  in  the 
priming  and  which  &rc  connected  to  the  main  wire  by  fiirming  a  suo- 

ceeision  of  secondary  currents. 
Example: 

Fig.  8. 
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MEANS  FOR  PftEYENTING  ICE  BLOCKADES. 

A.  A.  BBXAAB  and  J.  NELUAm 


INTRODUCTION. 

The  stoppogM  of  navlga-tion  cauaed  by  io»  oeoarion  to  trade  and  indus- 
try a  prreater  loss  perhnps  than  that  caused  by  the  periodical  iitoppageg 
necessary  for  the  execution  of  repairs ;  bocanso  the  stoppages  by  ice  ocmr 
in  a  maonei  more  or  less  unexpected  or  unforeseen  and  all  thenarigablo 
ways  of  a  commeicial  of  industrial  oentn  an  at  the  wnw  tUDie  and  to 
the  flame  degree  ralgeet  to  it. 

For  canal?  lending  to  the  upi)er  part  of  a  river  the  question  of  stop- 
page? of  navigation  l\v  ioc  will  offer  but  subordinate  interest)  because 
at  these  times  the  river  vail  no  ionger  be  navigable. 

Hie  same  ifill  be  tibw  ease  irith  canals  frequented  only  by  inland 
boats;  the  kttw  are  in  fiiet  tat  the  most  part  built  ni  wood  and.  are 
therefore  the  more  liable  to  damage  from  the  ioe;  bssideSi  th^  have  not 
the  neceftsary  means  of  traction  or  propulsion. 

Although  the  question  of  reducing  by  artiticial  means  the  continuance 
of  ioe  blo^adea  may  be  of  importanoe  for  inland  navigation  oanals,  it  is 
howerar  necessary  in  the  first  place  to  deal  with  sea- water  canals,  for 
which  the  question  of  preventing  stoppages  or  redin^ing  their  continuance 
has  a  special  importance.  In  the  followin>j  jiagcH  we  shall  give  a  brief 
account  of  what  wa«  done  in  this  respect  on  the  sea-water  c^nais  from 
Amsterdam  to  the  North  Sea  and  from  Ghent  to  IWneuasn  during  the 
winter  of  1890-  91,  condudtng  with  certain  ramarks  whieh  appear  to  us 
to  be  dictated  by  experience. 

The  following  data  concerning  the  principal  periods  of  hard  frost  since 


I 


1828,  according  to  obflervationa  made  at  Amsterdam,  may  have  some 
intereet  for  the  qneation  which  oocupiee  us: 


Winter 

«r 

Baginaiiiir 

Sb4 

of  the  frost. 

Date. 

l/^graee  t. 

1888/99 

Dec. 

22nd 

Jan. 

Jan. 

3 

1838 

Jan. 

7th 

Jan. 

20»h 

J«a. 

Feb. 

3rd 

Feb. 

1847/48 

Dec. 

19tb 

Jm. 

Im. 

19* 

7 

i85lt 

Jan. 

8tb 

Jan. 

'25tb 

Jan. 

4 

1855 

Jan. 

Feb. 

27«h 

Feb. 

5 

Dec. 

Dec. 

24th 

Dec. 

9 

Dee. 

as»i» 

Jnn. 

Ju. 

16* 

8 

Last  da} 

s  of  Jan. 

fast  (lays  uf  Mar. 

1870 

Jan. 

19"' 

1  Feb. 

23«« 

18TO/71 

Pint  dnya  of  Deo. 

Feb. 

15a 

Mb. 

11* 

7 

1879 

Dec. 

Dec, 

28«h 

Dm. 

9* 

11 

1880 

Jan. 

Feb. 

5ih 

188U/M 

Dec. 

titli 

Jan. 

22»d 

1  Dec 

5 

CANAL  FROM  AMSTERDAM  TO  THE  NORTH  SEA. 

The  description  of  the  canal  is  given  in  the  vidtors'  gnide  cf  tiie  Con- 

greBH,  it  is  therefore  useless  to  repeat  it  here. 

Ever  flincc  IH^sH  mfnsiires  had  been  taken  to  prevent  or  rednrr  as 
niurh  us  possible  ice  blockades  on  this  canal.  A  company  called  „de 
IJsploeg"  (the  Ice-breaker),  formed  in  1879,  btiilt  an  icebreaker 
whidi  was  finnly  attadied  by  holts,  chains  and  joists  to  one  or 

twn  tll<.'s. 

The  ice-breaker  built  of  pkites  and  angle  irons  waf  about  14  ni.  wide 
over  itH  whole  length ;  in  thti  ewni  there  wag  a  sort  of  open  space  about 
10  m.  long  in  which  the  tugt»  fitted;  the  total  length  was  about  20  m. ; 
the  height  was  0l17  m.  at  the  bow  and  2.48  at  the  stem. 

By  making  use  Of  water  or  ca^t  iron  ballast,  the  fore  part  oould  be 
mndc  to  slide  on  to  the  ice  or  under  it.  The  broken  pieces  witp  cleared 
to  one  side,  either  under  the  ice  whence  they  returned  for  the  most  part 
to  the' channel,  or  on  the  ice  left  on  each  side  of  the  channel. 

The  weif^t  was  84000  kg.;  the  cost  of  its  construction  amounted  to 
2C  280  florins. 

Rt)ut8  which  p:)H«i'd  through  the  eannl  in  time  of  frrwt  were  j«rr.tco<.pd 
against  damage  from  the  ice  by  plate»  of  iron  about  1  m.  wide  suspended 
at  the  water  line. 
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The  shape  of  the  ice-breaker  would  not  allow  of  manceuvring  in 
e?ery  direction  when  the  ice  was  thick.  A  channel  oiily  14  m.  wide 
waa  made  in  which  it  was  not  poeaible  for  boats  to  paaa  one  another 

or  to  lie  to. 

The  siding  wae  fonped  by  two  openings  in  the  HemlHiig  (bridge  of 
the  railway  fiom  Amsterdam  to  Zaandam,  «A  7  km.  from  Amsterdam). 

The  speed  of  steamers,  onrinMrlly  from  150  to  250  m.  per  minute,  was 
re<inre<l  to  100  m.  during  hard  froets.  This  precaution  was  taken  in  order 
to  prevent  the  obstruction  of  the  channel  formed  by  the  ice<breaker  by 
large  floes  of  ioe  on  the  bioad  lofMihoie  of  tiie  canal,  whidi  might 
become  detached  from  the  banks. 

The  results  obtained  were  satisfikotory  in  ordinary  winters,  when  the 
thickness  of  the  ice  wae  not  more  than  20  centimd  rt--^  A1jo\  c  ;in  the 
damage  done  by  blocks  of  ice  to  the  screws  of  the  tugtn  tised  to  propel 
the  iofr-bieaker  was  a  came  of  great  inconienienee,  while  the  togs  avsil> 
able  were  not  always  powmrftil  enonf^  For  ice  between  10  and  20  centi* 
metres  thiok  two  taga  of  IK)  horse  power  were  generally  anfficient. 

The  working  expenses  varied  greatly ;  they  amounted  at  times  to  400  or 
4o0  dorins  per  diem,  everything  included. 

The  company  whkh  woiked  the  ico-bieakor  in  the  interest  of  naviga- 
tion derived  its  revenne  from  a  tax  of  IVi  wnts  per  cubic  metre  on  sea^ 
going  vessels  navigating  on  the  canal  between  ttie  months  of  November 
and  March. 

By  theee  means  the  company  had,  at  its  dissolution  in  1890,  rendered 
real  service  to  navigation,  altlumgh  it  cannot  be  denied  tliat  in  severe 
winten  these  means  were  not  sufficient. 

The  winter  of  1890 — ^91  furnishes  us  with  a  proof  of  thi«. 

Putting  aside  the  unimportant  frost  of  November,  the  6fh  of  Deeemhrr 
may  be  taken  m  the  commencement  of  the  frost  which  lasted  almost 
without  intetraptioa  until  January  SSnd. 

The  thidcness  of  the  ioe  was : 

DWL  atM :  «t  TttiMSM  M  ontHwlrM,  »t  H«m1wii8  9t  flMHaMtiw; 
Jia.  9B:  at  TmiiUhB  M  cntlinotiM,  ai  HMUbnif  M  «mtMMti«a> 

It  then  diminished  gndually  to  25  or  80  centimetres,  a  thickness  which 
it  had  on  the  26th  of  January.  After  this  day  the  ice-flakee  were  carried 

down  to  the  sea  by  the  tide. 

The  port  of  Ymuiden  was  always  accesiiible  for  boats,  but  sometimes 
not  without  great  diffiieulty,  especially  for  small  boats  for  which  the  lielp 
of  strong  tugs  was  indispensable. 

On  the  7tti  of  December  the  ice  b^gan  to  offer  some  inconvenience  to 
small  bo.itp,  and  on  the  lOth  the  management  of  the  old  oonipflny,  \vhi<'h 
had  been  dissolved  the  year  before  and  was  about  to  hand  over  its  plant 
to  the  new  company  not  yet  oonatitated,  thought  an  eifort  should  be 
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nwdc  to  reinedv  the  situation  by  setting  the  ioe^brwker  to  work.  Unfoita- 

nately  afkT  tlic  14th  the  wrew  nf  the  tMjr  was  sn  damapr-d  that  it  was 
unable  to  continue  and  a  smaller  ice-breaker  was  not  able  to  open  a 
sufficiently  large  channeL 

At  the  petition  of  acme  mercbants  of  Amateirdun  on  the  17tli  of  Deoonber 
two  ironclads  (monitors)  wece  aet  to  work  by  the  Minister  of  ihe  Blarine 
to  try  .inrl  hrwik  the  ice:  nno  Rtartiii<<  from  AiiiHt<>r(him  was  very  soon 
stopped  by  the  ice,  the  other  on<'  Htarting  from  Vmuiden  broke  its  screw 
and  became  powerless  after  a  run  of  7  km.  Navigation  remained  com- 
pletely interrapted  nntil  the  evemng  of  the  19kb.  On  tiiis  day  the  steamer 
,y3ea-hor6e"  Ijrokf  the  ice  alongside  the  man-of-war  near  Ymuiden  and 
cnnnnorifcd  tlie  journey  to  Arasterdatn,  followed  by  five  other  ')i>;»t.'<  ami 
th*  niaii  of  war,  while  on  the  20th  and  2i$i  nine  steamers  near  Hembrug 
which  had  been  waiting  for  the  ships  bound  for  Amsterdam  to  pass, 
made  the  jonrney  thenoe  to  Ymuiden.  For  the  passing  of  the  boats  nesz 
Hembrug  channels  were  opened  by  hand  and  a  small  ice-breaker. 

From  theSlcttoSSth  (rf  December  navigation  was  possible  without  great 
difficulty. 

On  the  28th  of  December  the  steamer  .jEuropean"  after  leaving  Auiaterdam 
was  soon  stopped  by  dumgd  sustained  by  her  rodder,  while  on  Ihe  29tti 
near  Buitenhuizen  the  „Am8telstroom"  had  tolietoonaoeountof  herscrew 

being  broken.  Tlie  passage  of  other  boats  had  becomf  impossible  and  the 
severe  cold  from  29tfi  to  31st  of  December  coinciding  with  tliese  disasters, 
a  new  and  serious  interruption  to  navigation  had  commenced. 

On  Ihe  3nd  of  January  a  company  was  formed  at  Amsterdam  to  Autiier 
the  general  interests  of  navigation.  This  eompany  gave  its  first  oare  to 
re-establiijliing  the  int*-rrumptcd  navigation. 

It  wa.s  pn>po6ed  to  make  a  channel  by  hand  and  with  the  aid  of  a 
steamer,  the  „Koningin  Eiuma'',  stopped  near  Ymuiden  by  the  ice,  which 
would  perform  the  fdndions  of  «k  iee-brsaker.  The  iee  was  divided  by 
furrow^i  cut  vyith  Stt  axe  into  rectangles  of  3  or  4  m.  by  7.60  m.;  when 
the  ice  had  been  cut  up  thus  for  a  certain  distance  the  steamer  suooeded 
in  making  a  channel  about  15  m.  wide  as  far  as  circotostances  would 
permit;  it  was  followed  by  other  boats. 

The  passage  was  made  veiy  dowly  and  the  operations  were  very  costly; 
for  these  reasons  the  Minister  of  War  was  asked  for  the  asi^istanoe  of  the 
torpfdo  pprviee  to  lireak  the  ice  by  mcan«  of  explo^iven.  This  help  wae  granted 
and  after  a  few  trials  a  coimuencement  was  made  on  the  lOih  of  Jamiary. 

As  before  the  ice  yt&s  divided  into  rectangles ;  the  charges  of  powder 
of  from  4  to  10  kg.  wwe  lowered  in  earthen  pots  1  m.  or  1.60  m.  below 
the  ice  in  the  middle  furrow  at  distances  of  about  10  m. 

The  I'xplosion  wns  i  tlected  by  an  electric  mnchinp  of  Ptkmkxs  and  Halske. 

In  moHt  plai;t'«  the  holes  formed  iiad  a  diameter  of  from  5  m.  to  15  m. 
whilst  the  ice  was  cracked  to  a  distance  of  5  or  10  in. 
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The  steamer  pumued  her  course  through  the  broken  ice  after  the  explo- 
atua  <rf  «  fev  ttdnM. 

AlUigMxa  838  explommiB  wefe  made  using  6026  kilognmniM  of  gun- 
powder. 

The  pappape  of  the  .,Koninjrin  Emma"  from  O.H  km.  from  Ymuiden 
to  Amsterdam  (25  km.)  lasted  from  the  3rd  to  25tii  of  January;  the  steamer 
wae  ff^lowed  by  twelve  othen. 

On  the  23^  of  January  the  thaw  oommenced  and  on  the  2S^  navigation 
was  re-established. 

The  ex|>en8e8  of  the  company  durinp  the  winter  1  S'JO —lU  h.id  cxhauBti  d 
all  it«  means;  they  amounted  to  45000  Horins,  not  including  the  cost  of 
the  gunpowder  etc.,  which  amounted  to  5260  florina. 

After  the  experience  of  the  eevere  winter  of  1880—91  the  company 
hastened  onco  more  to  establish  more  energetii*  means  to  prevent  etoppiigeg 
of  navigation  by  ice.  It  sent  a  commission  to  8tettin  to  study  the  question 
and  received  a  very  favorable  report  ou  the  ice-breakers  employed  on 
the  Oder  and  Stettiner  Haf. 

The  oompany  caused  two  ioe-breaken  to  be  built  in  1893  by  the 
„Stettiner  Machinenbau-Acticn  Gosellschaft  Vulcan**  at  Bredow-Stettin' 
the  principal  dimenaionB  of  which  are  the  following: 


Ice-breaker. 

Ice-breaker, 

No.  1. 

No.  2. 

43  m. 

32  m. 

iOM  m. 

%sa  m. 

Depth  of  lioL!    .    .  .... 

h.M  m. 

9.90  m. 

I>r»ft  while  breaking  the  ine    .  . 

5  m. 

4  m. 

Triple  expansion. 

Compoand. 

B30 

360 

NumlMT  of  boilers  

'2 

2 

Heating  surface  of  each  boiler.  . 

1tv>  sq.  m. 

130  aq.  m. 

8  AtmsplieiM 

ft.  iMm— 

a.  81 600.— 

The  cross  section  of  the  ice-breaking  bouts  is  almost  oval;  the  keel 
fllants  ooniiderably  eo  that  tlie  fore  part  of  the  boat  reeta  on  the  ice  and 
brealn  the  ice-crust  by  ite  weight;  the  fragments  for  the  moot  part  die- 
appear  under  the  ice  at  the  side,  but  return  Into  the  channel  by  the 
movement  caused  by  the  screw.  The  hiehest  point  of  the  screw  is  at  a 
depth  of  at  least  1.25  m.  below  the  waterline. 

In  ssTOn  winters  ^e  boat  will  be  used  (1)  only  to  break  the  iee  in  the 
canal,  (8)  to  fadlitate  the  approach  to  harbours  and  docks  and  to  render 
aeidstanee  to  vessds. 

The  company  furnished  a  capital  of  IWOOOO  flnrinp  for  the  purchase 
and  working  of  the  iue-brcakers;  the  coiitufmaiutcnuncc, sinking uf  capital 
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etc.  are  «6timated  at  27000  florins  a  year;  working  expenaea  dming  fioit 
for  (I)  are  eBtimated  at  135  ttorim  a  day,  for  (2)  at  90  florinB  h  day. 

The  company  receives  yt  iirly  suhvi  utions  to  thr  amnnnt  ((f  27000  florins 
lor  ti^aintenunce  etc.  and  90(M)  Horins  at  irutet  tor  working  t  xixmpe*.  The 
Netheriand  Government,  the  Province  of  North  Holland  and  tiie  city  of 
Amsterdam  contribute  one  third  of  these  sums  respectively. 

The  wintor  of  1883 <— 94  did  not  furnish  :i  favorable  opportunity  fiv 
malcin^j  (l»K;iBive  experinients  resiieotin-i  ihv  re?-uUs  that  it  is  hoped  to 
obtain  on  the  AnTsterdam  canal,  for  the  ice  broken  was  at  moat  only 
0.20  m.  thick;  the  boate  luiide  only  a  few  journeys  and,  moreover,  the 
staff  vas  not  sufficiently  practised.  It  is  probably  for  this  latter  reason 
that  the  manoeuvres,  Cfipccially  j^ning  jistern  and  turning  nniiul.  offered 
certain  dinicultif'H,  although  tho  icc-briakiug  Itoats  of  Stettin,  absolutely 
identical  with  tboBe  of  Amsterdam,  execute  theee  mauoeuvree  perfectly, 
even  in  ice  ol  conuiderable  thickness. 

The  croesing  aod  avoiding  of  other  craft  was  effected  without 
difficulty. 

CANAL  FROM  GHENT  TO  TERMEUZEN. 

Description. 

The  entrance  or  outer  harbour  of  the  canal  on  the  left  bank  of  the 
Scheld,  19  km.  above  the  port  of  Flushing  and  65  km.  below  Antwerp, 
opens  on  the  pass  of  Temeuaen  indicated  by  buoys  and  light-booses. 

The  latter  immediately  branches  cff  into  the  east  and  west  outer  har- 
bours, each  of  which  lead  to  a  lock  at  Sas. 

Abovf  thf^  locks  rach  of  the  two  bram-hcs  of  the  canal,  which  go 
round  the  town  of  Terneuien  and  join  each  other  0,8  kuj.  above  the  west 
lock,  is  provided  with  a  swing  bridge. 

IVom  the  junction  of  die  two  braoehcs  the  omal  is  strui^t  for  a  distance 
of  ft.S  km.,  at  the  end  of  which  is  the  swing  bridge  of  the  railway 
from  (4hont— Tr'rnenzcn  to  Sluiskil.  There  is  another  swingiog  bridge  0.90 
km.  further  on  for  carriages. 

The  course  of  the  canal  between  these  two  bridges  SaumB  a  curve  and 
the  passage  of  beats  at  ordinary  times  is  sufficiently  difficult  and  tequirea 
precaution. 

Between  Sluiskil  and  the  Ea«t  Un-k,  or  the  new  lock  of  8a.«  of 
Ghent,  the  distance  is  6.4  km.  In  this  portion  the  canai  is  but  slightly 
curved. 

The  east  dam,  1.4  km.  above  this  lock  crosses  the  Dutch-Belgian 

frontier,  which  follows  the  course  of  the  canal  for  a  distance  of  0.6km.,ao 
that  2  km.  above  the  lock  the  whole  canal  iti  in  Iiclgian  territory. 

The  old  branch  of  the  canal,  passing  by  the  town  of  Saa  of  (ihent, 
joins  06  km.  below  tins  and  0^4  km.  above  the  new  lock. 
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Below  the  new  and  above  the  old  lock  the  two  bTanches  ot  the  canal 
Me  provided  with  a  swing  bridge. 

Sea-going  ships,  with  few  exceptions,  make  use  of  the  west  look  of 
Temeuzen  and  the  east  lock  of  Sas  of  Ghent,  each  of  tlirsr  l»ring  12  m. 
wide.  Between  these  locks  therefore  there  are  four  awing  bridge^j,  throe 
of  which  have  a  span  of  18  m.  and  one  (that  below  the  lock  at.  Sas  of 
Ghent)  a  span  of  17  m. 

The  Dutdk  portion  of  the  canal  is  16  km.  long,  whilst  tiie  Belgian 
portion  is  18  km.  On  tiie  latter  there  are  8  swing  bridges  with  a 
span  of  17  m. 

The  two  reaches  of  the  canal  between  Ghent  and  Ti  rneuzen  are  sepa* 
rated  by   locks  in  the  two  blanches  at  Sas  of  Ghent;  the  ordinary 

fall  ia  0, 1"  111. 
Smalleet  section  of  the  canal: 

Dr-p«h  of  water  6.05  m. 

WMb  »t  the  iM/ttum  ITjOO  • 

«     «  «  WAtariiiML     ......    4TiMi  • 

Raise  ef  NaviitllM. 

The  mszimum  dimensious  for  vessels  admitted  in  the  canal  are; 

width      ,      ,      ,  1J.50  m. 

Ijength  OMO  • 

Draft  (la  tlw  Vatn«iuaii  loolt)  .....      Mt  * 

The  maximum  speed  per  minute  is  fixed  for  steamers: 

Wiikcdnft  oi  j     m.  and  over  at  .  .     .     145  m. 

•  »  •  not  ckceediBjf  i,U  at.  ml  .  .  .  IJO  • 
«    ■>    «       •         •        SillO  •    •       ...     WBO  « 

•  •     V      «         p        UO  •    •       ...      ttO  ■ 

■ 

Ths  winter  of  1890—91. 

The  maritune  navigation  of  the  port  of  Qhent  having  developed 
especially  since  1886,  when  the  important  improvements  carried  out  by 
v  irtue  of  the  convention  of  81**  of  Octobw  1879  between  the  Belgian  and 

Netherland  Government*  were  in  process  of  completion,  we  will  not 
occupy  ourselves  with  pcrinds  of  froKt  anterior  to  th;it  of  the  wint^T  of 
1890-  91,  when  great  difficulties  had  to  be  contended  with  in  respect  to 
navigation. 

The  frost  diirtng  the  iMt  few  days  of  Novembw  offered  no  obstacle 
to  navigation. 

After  a  few  days  thaw  the  pieoss  cf  ice  had  disappeared,  when  the 
frost  began  on  6^  of  December  to  last  till  22u<'  of  January,  with  the 
exception  of  an  interval  of  three  days  (12*^ — ^14^  of  January). 


Digitized  by  Google 


8 


'nie  tfaioknesB  of  the  ioe  at  Sas  of  Ghent  was: 

'if'  Dwember  .    lA  cMkttmMna. 

a»«      •       .   »  • 

^  iatmarf  tt  • 

10*   »  « 

As  the  navigability  of  the  canal  from  Ghent  to  Teraeiuwi  depends 
upon  the  continuation  of  navigation  on  the  liower  Scheld  below  Ter- 
neuzen,  we  will  firi^t  examine  the  situation  on  this  portion  of  the  Scheld. 

Before  Tcrnrnzcn  Hoes  of  ice  had  fhnwed  themselves  in  considerable 
quiintitiLs  iVoui  the  17""  of  December,  but  until  the  end  ol  the  month 
they  luterfered  iiLtic  with  navigation. 

A  measure,  tike  oonseqnenoes  of  which  were  much  to  be  regretted  at 
Ghent  and  Temeuseni  w,  a  decree  published  ^  and  4""  of  January,  forbade 
the  pilots  of  the  Belgian  and  Netherland  Governments  to  bring  veBsels 
up  to  Terneuzen,  so  that  for  four  conseoiitive  days  (from  4*  to 7*of  January) 
not  -i  sin'^.'lo  boat  bmind  for  Hhent  entered  the  canal. 

For  tiinat<^ly  on  the  H">  of  January  the  pilot  service  was  continued,  after 
the  j<u  anier  ,,Vege8ack"  had  made  the  journey  from  Flushing  to  Terneu- 
zen without  a  pilot  and  in  the  same  time  as  usual. 

After  that  the  navigation  of  llie  Scheld  beh>w  Temeuien  wm  continued, 
advantage  being  taken  of  the  day  and  the  tide;  only  towards  the 
Igtk  of  January  was  the  moving  ice  more  firmly  packed  than  ever. 

Between  14"' of  December  and  24*'' of  January  120  vesiels  entered  Terneu- 
zen and  109  put  to  sea  from  thence,  but  only  one  of  them,  which  pot 
amoni?  the  ice  from  tlie  Scbeld,  received  any  damage  at  her  waterUne, 
and  this  case  waa  of  isinall  importance. 

After  iV^  of  December  blocks  of  ice  began  to  hinder  navigation  in  the 
canal;  the  ritnation  became  woree  from  day  to  day  and  was  with 
difBculty  overcome  without  having  recourse  to  artificial  means. 

Oonuneneingonthel5*>' or  16*>>  of  December,  two.  tup  were  set  to  work. 
They  endeavoured  each  day  to  run  twice  from  one  end  of  the  canal  to 
the  other.  They  also  had  to  come  to  the  hglp  of  any  vessel  which 
might  be  Ktuck  fast  in  tbe  ice. 

A  third  tug  was  etutiuned  at  the  port  of  Ghent  to  lend  assistance 
to  vessels. 

In  going  up  and  down  the  canal,  the  tugs  endeavoured  te  break  the 
ioe  over  as  great  a  width  as  possible  without  confining  themselves  to 

the  eame  passage. 

By  this  method  the  ice  right  across  the  cani'.l  broken  into  pieces, 
so  that  vesHcln  Avere  able  to  pass  each  other  at  any  point  in  tho 
eanal  and  it  thus  was  unnecetssary  to  confine  these  manoeuvres  to  certain 
fixed  stations. 

Nevertheless  the  togs  were  unable  to  continne  the  strus^e  against  the 
ioe;  they  were  one  sfter  the  oilier  put  hors  d$  combeU;  the  difficulty  of 
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replaciuir  thotii  booame  ffretitcr  each  day  ;  navigation  Heoame  more  irreEru- 
gular  and  towards  the  end  of  Drrrmher,  during  the  moat  severe  frosty 
the  tugs  were  obliged  to  give  up  work. 

Alter  Decemlier  29^^  vessels  had  to  force  their  owii  paijsage  through 
the  ioe. 

The  suspendon  of  the  pilot  aenrioe  on  the  Sdield  on  the  3^  and  4*'' 
of  Janu&ry  diaaipated  all  hope  of  escaping  a  stoppage  of  long  dniation. 
On  the  i^^  of  January  a  few  boats  went  down  from  Ghent  to  Temensen, 

but  on  the  5'**  not  one  went  through  the  canal. 

Fortunately  the  steamer  „Ouse",  bound  nripnnlly  for  Antwerp,  arrived 
at  Terneuzen  on  January  1""  where  she  awaited  her  orders  and  left  for 
Ghent  on  the  6*''  and  bueeetded  in  reaching  her  new  destination. 

After  the  steamer  „Oiifte"  had  gone  up  another  boat  came  down  the 
canal ;  the  steamer  „Vegesack'\  arrived  at  Terneuxen  on  the  8^,  made 
no  efhii  to  go  np  and  it  was  only  on  the  January  that  the  canal 
was  need  onoe  more,  this  time  by  the  last  three  boatSi  vhvsk  were  at 
Ghent,  the  steamer  „0u8e"  taking  the  lead. 

The  boats  which  arrived  at  Terneiiz^'n  after  the  recommencement  of  the 
pilot  service,  were  now  able  to  p>  up  and  although  the  jonrney  was 
accomplished  in  Mne  cmets  with  more  or  less  delay,  navigation  continued 
until  the  18"^  of  January. 

On  the  19^  several  boato  bound  for  Ghent  did  not  succeed  in  getting 
up,  80  tiiat  in  consequence  of  the  hard  frost  during  theee  days  the  situ- 
ation  became  very  critical,  for  it  goes  without  saying  that  the  navigation, 
continued  for  more  than  a  month,  had  formed  flakes  of  ice  much  thicker  than 
the  original  coating,  and  the  fear  seemed  very  well  founded  that  the  re- 
establishtnent  of  navigation  through  the  frozen  pa<^  would  be  impossible 
with  the  inean.«  that  could  be  disposed  of. 

It  wa.'j  the  iitciiiuer  „0u8e'"  once  more  which,  on  the  22'"'  of  January, 
the  day  before  the  thaw,  made  a  passage  in  the  moal  brilliant  manner. 

Leaving  Ghent  at  7  o'dock  in  the  morning  she  arrived  at  Temenswi 
at  6  in  tiie  afternoon. 

For  this  journey  the  waterline  had  been  arranged  in  such  a  manner 
that  the  draft  at  the  prow  was  very  small  while  at  the  poop  if  was 
greater  than  the  ordinary  draft  when  fully  laden. 

Where  the  ice  offered  much  reaietanee,  the  vessel  slid  slowly  on  to  the 
surface,  which  then  gave  way  under  the  weight  of  the  boat. 

If  she  went  ut*tf rn  to  make  a  spurt,  her  speed  was  kept  down ;  the 
boat  was  not  exposed  to  shocks  calculated  to  damage  her. 

Although  the  engines  were  driven  at  fall  speed  the  boat  often  came 
to  a  stand-still,  but  nevertheless  the  ioe  finally  bent  and  gave  way. 

The  action  of  the  vessel  therefore  differed  ftom  that  of  the  tugs,  for 
they  had  to  split  the  ice  and  make  a  bre^ich  in  it.  They  drew  back  at 
short  intervals  to  go  at  it  once  more  and  exhausted  the  speed  acquired. 
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The  lugH  and  their  eagines  could  nut  stand  these  repeated  shocks  and 
although  their  diailb  waa  8  m.  or  more,  the  vsmw  wmb  expoeed  to  damage 
ftom  the  floating  blooks  of  ice* 

1h«  following  are  the  dimeniiona  of  the  „Ouae*' ; 

Length  07.25  ra.,  beam  9.25  m.,  draft  when  fully  laden  4.15  m.  She 
was  built  in  1884  by  MeaffiB.  W.  Dobson  and  Go.  of  Newcastle  and  ia 
said  to  be  provided  with  a  powerful  engine. 

Between  the  W*'  oi  Dec-ember  and  the  24*^  of  Janiuiry  161  vessels 
pHjs^ed  through  the  lock  at  S&a  of  Ghent,  81  of  which  were  going  up  and 
80  coming  down. 

Two  of  them  had  their  sofewB  broken,  but  they  were  boata  of  email 
dimonMOUB  and  one  of  them  met  with  this  aoo&dent  while  going  hard 
aetnn  when  ehe  had  approached  too  near  a  bridge. 

The  nayigatUm  was  not  stopped  by  these  accidents. 

Boats  were  penorally  able  to  maintain  the  r^ulation  speed,  which  is 
a  most  important  circrmiptance,  beraust'  the  movement  produe€%l  in  the 
water  during  the  pa^agi-  of  vessels  sailing  at  ordinary  speed  is  sullicicnt 
to  separate  the  fragments  of  ice  that  have  frozen  together  again  on  each 
side  of  the  channel. 

Although  (in  the  Dutch  portion  of  the  canal)  the  banks  are  not  in 
the  most  fiivorable  condition,  bang  only  here  and  there  properly  firm, 
the  ioe  dM  not  cause  lliem  any  serioue  injury. 

Briefly  then  it  may  be  eaid  that  special  measures  with  regard  to  navi- 
gation were  not  taken ;  special  passing  stations  were  not  established  and 
the  ordinary  s^ppcd  was  nnt  reduced. 

The  only  aid  given  to  navigation  was  to  break  the  ioo  on  the  canal 
as  long  as  the  tugs  were  available  for  this  purpose. 

For  the  rest,  it  was  left  to  the  vessels  to  open  for  tbemselveB  a  passage 
through  the  ice. 

This  systMu  which  was  shown  to  be  most  effective  during  the  severe 
winter  of  1890—91,  gave  equally  satisfactory  results  in  the  winter  of 
1892—93;  but  the  ioe  was  then  less  thick  and  the  circumstaaoes  less 

nnfavorsOilo. 

During  the  latter  period  of  cold  it  was  sufficient  for  one  tug  to  make 
the  journey  once  a  day  between  (ihent  and  Terneuzen. 

The  expenses  of  a  tug  amy  be  estimated  at  100  francs  a  day,  excepting 
unforeseen  repairs. 

CONCLUSIONS. 

The  jximbilUy  oj  fmeiUing  iet  blockades  on  aeoriottter  canals  eonnot  be 

dnuhteil. 

OJ  the  mmm  to  be  mbptedf  the  creatum  of  a  chawxxl  by  hand  or  by 
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blasting  must  he  reject^  ag  being  too  expemive  and  requiring  too  miuift  HmtM 
The  continual  paaoing  of  vessels  through  the  eemal  from  ihM  tommmtement 
of  the  frost  mm/  he  conmdend  of  an  effieacuw  meant  of  frvsmHSng  an  tnieit* 

ruptian  oj  navigatAoii, 

Ordinarily  two  or  thret  passages  a  dat/  will  be  sufficient  to  prevent  the 
formation  oJ  ice^  so  that  successive  passages  do  not  meet  with  insurmountable 

When  trading  wMelf  do  not  onnre  a  mffieUnl  4nov«iiMn<,  thejf  * AouU  he 
aided  by  ieoimdtmg  hoatB  of  special  eentbrueHen  or  Ay  power/vl  tugot  vh4eh 
will  aiao  be  able  to  break  through  the  ice  on  each  side  of  the  ehannel. 

As  long  as  the  ice  is  not  exceedingly  thick  the  tugs  xoill  he  able  ttt  lend 
mat  valuable  nsmtance^  but  thn/  mil  not  be  able  to  continue  the  struggle 
against  the  thick  ice  during  st'veral  consecutive  weeks.  Tliei/  then  even 
endanger  the  obstruction  of  the  navigable  channel^  shtmUl  they  be  disabled  by 
a  eaeeeaeien  of  injuriee  b>  fll«  ecrew,  the  engine  or  the  Atttt. 

When  U  ie  a  gueOion  of  opening  a  passage  through  the  ice,  e^peekdl^  for 
ang  eentidenMe  dutoiM,  on  ie^-brealang  boat  of  *treng  hmld  and  greed 
pouer  n^ieh  bredke  ^  ux  by  its  weight  wUl  be  able  to  render  the  service 
required;  or  dee  a  boat  of  a  suitable  description,  made  to  break  the  ice  in  the 
same  way,  mny  be  used  withriut  exposing  itself  to  danger. 

When  circumstances  (ulmit  of  it,  it  is  most  important  to  break  the  ice 
over  the  whole  width  of  the  canal,  in  order  to  avoid  the  formation  of  solid 
ice  on  each  side,  throv^h  which  boats  cannot  penetrate,  and  to  lose  no 
tieee  in  pas-nng  etoHone. 

AUhough  in  a  caned  with  broad  eidtmerged  dopee  it  bceo$ne$  neceeearg  to 
reduce  the  tpeed  in  order  to  aeeid  tiW  choking  of  the  duennei  by  large  fioee 
becoming  detached  from  the  banks,  experience  does  not  grn'raUg  require  a 
reduction  of  speed,  either  for  the  sake  of  the  boats  nr  the  l>ntikfi. 

A  suitable  speed  ivill  eren  in  many  case.'i  facilitate  the  separation  of  pieces 
frozen  together^  by  reason  of  the  movement  produced  in  the  water. 

Tnadatad  by  nuMCis  A.  Outbs. 
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C.  B.  SCHUURMAN, 

A.  C.  BUHGDOHf  F£H, 


I.  INTRODUCTION. 

Tlic  rontinuftl  }:,Towing  of  the  interior  navigation  on  Dutch  rivers 
makes  it  necessary  to  follow  the  experimentB  made  to  clear  the  ice, 
although  those  efforts  have  not  been  nude  to  ftoilitate  the  navigfttion  hut 
eimply  to  prevent  innndalaoiui. 

II.  FORMATION  OF  THE  ICE  ON  RIVERS. 

Relatively  to  the  phenomenoos  <^  the  formation  of  ice  and  loe  bankSi 

it  is  tu  he  remarked  thiit  there  is  no  Rtihjuct  on  which  people  like  80  mudi 
to  give  their  ideas  upon,  than  on  the  ice  in  rivers. 

(Generally  the  sentences  are  the  more  decidedly  ouLspuken  when  the 
persouH  liave  had  uo  occasion  to  study  the  question  and  to  make  personal 
obeervatioiiB. 

The  qoantity  of  ioe  depends  naturally  on  the  extent  of  the  water  and 

on  the  degree  of  cold. 

Daring  !  iL'l  water  more  ice  is  formed  than  by  low  water  and  with 
sharp  frosts  there  is  more  and  thicker  ice  than  by  light  frosts. 

Sometimes  high  water  prevents  the  forming  of  ice  hanks  wliile  this 
would  happen  daring  low  water  and  by  the  some  degree  of  cold. 

Ice  on  rivers  is  formed  in  diflSBieot  ways  as:  groimd>ioe|  ioe  on  the 
8Di6oe^  enow-ice»  white  or  havd-ioe  etc. 

It  oooMs  to  the  saifaoe  of  the  water  and  floats,  fifst  as  small  ics  flakes 
which  increase  in  form  and  extent  and  finishes  by  covenug  the  whole 
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river  and  forming  compact  nutaaes  on  high  groundi  in  narioir  pnesea  and 
bcnda,  al  all  places  wheie  obetraetionfl  eiop  the  drifting  of  the  ioe. 

On  the  Dutch  rivers  the  lower  parts  are  generally  first  caught;  firstly 
where  the  tide  has  the  most  influence  on  account  of  the  movement  back- 
wards anfl  forwards,  the  Hood  tide  pushes  the  ice  back  against  the  ice 
flowing  with  the  ebb  unci  causes  in  that  way  the  formation  of  ice  banks. 

The  ice-banks  are  started  in  the  lower  parts  but  on  account  of  the 
v  igorous  action  of  the  tide  the  mouth  of  the  rivers  remain  generally  opm 
to  navigation. 

In  the  Zoideneet  at  the  month  of  the  Zwolsche  Diep  and  Gelderachen 

Yssel,  where  there  Ib  only  about  a  rise  of  one  foot  between  flood  and 
ebb  the  sea  is  caught  first  and  then  the  monthn  of  the  rivers,  subsequently 
the  upper  parts  of  the  rivers  on  aooount  of  the  flowing  ice»  excepted  at 

some  places. 

The  Neder-Rijn,  the  Lek  and  the  NieuweMaas  get  blocked  from  the  point 
of  the  two  bridges ;  those  of  the  railway  and  the  town  of  Rotterdam,  bat 
not  below  these  bridges.  On  account  of  the  tide  action  and  of  the  aleam 
navigation  tne  distance  between  these  bridges  and  the  aea  remains  navi- 
gable in  the  channel  of  the  stream.  The  Nicuwe  Maas,  the  Lek  and  the 
Neder-Rijn,  being  caught  at  Rotterdam,  keej)  back  the  ice  in  case  of 
contitiued  front  higher  up  the  rivers  untill  they  are  (H>rapletely  covered. 

In  general  tlie  A\'jui!  Ireezes  only  when  the  lk»ven  or  the  Nieuwe 
Merwede  are  caught.  Especially  the  Boven-Merwede  freezes  sooner  on 
account  of  the  high  grounda  and  the  aand  banka  tiiat  cofw  the  bed  of 
the  river. 

The  Boven  Maaa  freesea  aooner  on  aooonnt  of  its  amall  depth  and 
sharp  bends. 

The  rivers  situated  between  the  Hollandsch  Diep,  the  Lek  and  the 
Boven-Merwede,  that  is  to  say  the  so  called  navigable  courses  of  Dordrecht, 
are  quickly  and  regularly  frozen,  and  clear  slowly  but  orderly  without 
provoking  disasters. 

The  quantity  of  ice  that  flows  down  the  rivers  depends  with  atotmy  wealher 
on  the  direction  of  the  wind. 'The  flowage  of  the  ioe  on  the  Boven-Rijn 
takea  place  with  a  southerly  wind,  ( si>ecially  by  the  Ftonerdenflch  Canal 
and  during  a  northerly  wind  by  the  Waal. 

At  the  branching  of  the  rivers  at  Pannerden  and  Westervoort  the  direction 
of  the  wind  has  an  intluence  on  the  floating  down  of  the  ice. 

Besides  the  bends  and  shallows,  the  bifurcations  of  rive»  occasion  the 
building  cf  ice  banka. 

During  the  winters  rinoe  1770  that  have  oocarioned  diaaaten  and 
broaches  in  the  dikes  one  of  the  brandieB  near  the  main  aepaiation  pointy 
cither  the  Pannerdensch  Canal  or  Wa^d  has  been  barred  12  times  and 
during  the  same  time  one  or  another  branch  near  d^Plei  at  the  origin 
of  the  Ysael  has  also  been  barred  8  times. 
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The  Roven-Iiiju  in  Germany  has  been  more  favoured. 

During  hard  frosts  the  Rhine  freezes  generally  very  quick  at  Loreley 
•ad  at  Kaiii«i«^  a  little  above  St  Gon,  Frum  there  to  Cologne  a  distance 
of  about  BO  tnilfls,  the  river  remains  often  open. 

Thus,  the  quantity  of  ioe  ooming  from  Gennany  is  not  eo  ooneidemble 
88  one  might  believe. 

The  raore  mpidly  and  regularly  a  river  is  taken  by  frost  bo  much  the 
better  for  a  rapid  and  regular  clearance  brought  on  by  thaw. 

III.  ESSAYS  OF  ARTlFlCiAL  CLEARANCE. 

The  fint  enay  wan  made  in  the  year  1846. 

In  the  neij^bonrhood  of  Ophemert  on  the  Waal  the  Brst  attempt  was 
made  to  blow  up  an  embankment  of  iee  of  two  to  three  metxee  thick  by 

gun  powder. 

These  attempts  were  made  on  a  small  scale  and  had  but  middling 
effects. 

From  1S45  to  1881  nothhig  more  waa  done  in  thie  oonntry  to  make 
artificial  dearancee. 
The  dangerana  toe  embankmenta  on  the  rivers  daring  the  winter 

1880—1861  caused  new  attempts  to  be  made  for  artificial  clearance. 

The  1»*  of  February  1861  the  envprnraent  hired  an  iron  Rtcamhoat  of 
100  horse  power,  33.50  metres  long,  and  r».10  metres  large  to  break  the 
ice  on  the  Nieuw  Maas,  the  Lek,  the  Noord,  the  Dordtsche  Kil,  the 
Merwede  and  the  Waal. 

The  thickeat  pare  ice  waa  abont  */«  foot 

BoauB  parti  of  the  river  were  encnmbered  to  the  bottom.  Vwt  inatanoe 
near  IJsselmonde  on  the  Nieawe  Maaa  on  a  diatanoe  of  800  metres. 

That  embankment  broken,  the  steamer  went  up  a  part  of  the  I>ek  and 
the  Noord  m  far  as  Papendrecht ;  then  it  tiirrnl  in  the  Hellevoctsluis, 
and  continued  to  Ilardingsveld  pasi^ing  the  llollaudych  Diep  and  Kil. 

On  the  way  the  steamboat  did  not  meet  any  further  embankments; 
httt  plaoea  covered  by  hard  ice  more  or  lees  thick  and  alao  floating  ioe. 

After  this  she  wait  to  Loeveatein,  were  at  the  month  of  the  Waal 
heapa  of  tea  had  Ibnned  along  the  sides;  that  ioe  was  composed  of 
bands  of  hard  ice,  betweMi  which  existed  aoft  ice,  that  filled  tlie  river  to 
the  bottom. 

With  the  aid  of  the  pression  of  the  water  ket)t  back  by  that  embankment 
of  a  length  of  1600  metres,  the  clearance  took  place  in  three  days. 

After  this  the  boat  having  worked  9  days  was  sent  back,  the  ioe  floating 
down  well. 

The  ateamboat  had  not  much  anffeied,  only  a  little  at  the  wheela  and 
rudder,  imputed  to  the  aoft  melted  ioe* 
In  1871  different  atlempta  were  made. 
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The  Nienwe  Uarwede  wm  entixely  «iieumbered  hj  very  thiok  ice  that 
covered  the  river  for  a  length  of  4000  mMne  above  the  HoHandeoh 
IHep.  The  ice  was  cut  in,  broken  by  steamboats,  and  blowed  np  by 
powder.  In  this  way  the  clearance  was  made  before  the  thaw. 

Two  boats  were  u^ed  to  break  the  ice  and  101  mines  were  sprang 
with  a  use  of  8038  kiim  of  powder. 

Thia  work  wan  done  under  yery  fiekvourable  circumstancee,  as  in  tlie 
neighbourhood  the  nulway  bridge  over  the  Hollandach  Diep  was  being 
built  and  the  implements^  tools,  machines  etc.  serving  for  that  ocmstraction 
were  used  for  this  object. 

Daring  this  work,  from  the  3  to  the  10*  of  Pel)ruary  a  heavy  froat 
set  in  and  this  proovefl  that  the  means  upcd  had  but  little  effect, 
the  ice  being  very  hard,  and  the  openings  made  by  the  blasting 
were  immediately  tilled  by  floating  ice  and  became  a^dn  a  compact 
mass. 

In  1876  otitier  attempts  were  made  from  the  2  to  the  8^  of  FebmaTy 
by  a  steamboat  on  the  Lek. 
The  low  water  hindered  this  operation  very  much. 

The  next  artificial  clearance  took  place  during  the  winter  of  1879—1880. 

The  fiffit  time,  from  the  first  to  the  19*''  of  .January  on  the  Nieuwe 
Merwede,  the  Boven  Maas  near  Woudrichem  and  on  the  Dordtsehe  K.il; 
1140  K°*.  of  powder  was  used  to  the  eflect,  also  two  Ixmta  of  lOU  and 
the  other  of  93  horse-power  and  a  respective  draught  of  2.07  and  2.10  nietree. 

The  second  time^  one  of  these  boats  was  employed  during  three 
days  to  dear  the  Lek  and  to  break  open  a  sort  of  embankment  on  the 
Boven  Merwede,  near  Hardingsveld. 

Two  monitor  rammer  steamboats  of  the  Royal  Marine  were  also  used 
for  the  clearance  of  thp  Dordtwhe  Kil  and  the  Nieuwe  Merwede;  it  was 
prooved  by  thits  experiment  that  such  hoatri  are  not  fit  for  such  work. 
They  steer  badly,  are  too  heavy,  have  insuthcient  moving  power  and  are 
too  difficult  to  move  about  cax  riven. 

During  the  winter  1680—1881  for  the  dearanoe  on  the  rivers  Nieuwe 
Merwede,  Boven-Maas,  Dordtsehe  KO,  Nieuwe  Maas  and  the  Li^  two 
togs  were  used  oovered  by  a  breast^plate,  and  two  monitor  rammer 
steamboats  were  again  put  into  action;  meanwhile  mines  were  aho  sprung. 
The  two  monitor  boats  gave  iis  little  satisfaction  as  before. 

After  the  wintf-r  ISSO — 1881,  the  idea  was  brought  forward  again  of 
building  a  vessel  specially  fur  the  clearing  of  ice  and  for  which  the  govern- 
ment would  give  a  subsidy;  it  was  adopted  in  1888. 

A  conteact  was  made  with  a  shipbuilder  who  was  at  the  same  time 
an  undertaker  of  towage,  by  which  he  put  at  the  disposal  of  the  govern- 
ment a  Bteamtug  spedally  constracled  for  the  breaking  of  ice  but  if 
not  oocupiud  at  this  work  the  owner  would  have  the  ezdusive  use 
of  it. 
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An  annual  retribution  of  Fl.  9200  during  fifteen  years  was  agreed  upon. 

To  this  end  the  iron  paddle  strongly  baOt  steamboal  called  „Wodan*' 
waa  ooDstnicted:  ahe  meaaared  metrea  in  Iragtb  and  waa  18.40  metrea 
large,  the  mdth  of  the  paddleboiaa  included.  The  draoi^t  of  thia  boat 
ia  of  2  metres  and  abe  has  two  engines  of  60  hone  power  eadi. 

The  two  engines  are  of  double  expansion  (system  Wolf  compound) 
and  the  two  paddles  are  independent  of  (uie  another  in  order  that  these 
c;iii  turn  separately  backwards  or  forward;*.  Herewith  ie  a  skitcli  of  the 
tug.  The  drawing  represents  also  the  spur  which  was  wade  afterwards 
and  vhieb  will  be  explained  laft«r  on.  "nua  veasel  baa  been  uaed  iar  the 
first  time  to  clear  ice  in  January  1885;  alao  two  other  ateamboata  not 
apedally  coivtracled  and  only  rented  for  thia  puipoee. 

The  Wodan  gave  that  year  sattafaetory  reanlta  but  it  must  not  be 
forgotten  that  the  winter  frosts  were  not  heavy  and  lasted  but  a  abort 
time;  therefore  the  ice  on  the  rivers  was  not  thick  and  not  to  be  compared 
to  the  quantity  and  hardness  of  the  preceeding  years. 

After  the  lastly  sp^iken  of  clearances  in  January  ISK"),  other  attempts 
were  made  by  steamboats  and  by  blasting  during  tl^e  years  1890 — 1891 
and  1891—1892  and  in  the  last  winter.  For  the  laat  dearance  no  mines  • 
were  apmng  on  account  of  the  email  quantity  and  the  little  thadcneaa 
of  the  ice. 

IV.  DETAILS  OF  THE  CLEARANCES  MADE  BY  THE  ICE-BREAKERS 
DURINS  THE  WINTERS  I89D—ISSI  AND  ISS2— I89S. 

Hereafter  will  follow  ample  details  concerning  the  attempts  of  the  ice- 
clearance?  made  in  the  winter  of  the  year  1890  — 181*1,  during  which 
heavy  frosts  set  in  even  more  than  during  any  of  the  preceeding  winters 
during  which  esaays  of  artificial  dearance  were  attempted.  Alao  thoee 
relatively  to  the  winter  1892— 189S. 

For  the  deecription  of  the  state  of  the  ice  and  detailed  duly  reports 
concerning  the  works  of  clearance  please  to  read  the  printed  reports  of 
what  has  happened  on  the  Dutch  rivers  during  the  winters  1890 — 1881 
and  1892—1893  at  the  office  of  the  section  of  the  present  congress. 

A.  The  Winter  1890—1891. 

1.  ThB  MBANS  to  FAdLITATC  THB  CLBAIULMCB. 

According  to  the  preceedint;  attempts  it  wn«  shown  that  it  was  impos- 
sible to  begin  the  clearance  before  a  continued  thaw  set  in  and  that  steam- 
boats wer^  unable  to  stop  icefloes  from  freezing  into  a  compact  mass. 

Besidea  Hke  Wodan  transformed  into  an  ice-breaker  a  contrail  waa  made, 
as  it  had  been  done  in  preceeding  years,  to  hire  8  tugs  which  had  been 
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strengthened  round  the  liow.  The  rfiinf  Enprincer  entrusted  with  the 
management  of  the  riverH  who  had  the  direction  ot  Uie  rlcarnnco.  h.ifl 
regulated  all  the  works  with  the  Heutenant-colonel,  commanduig  tiiec>or|M 
of  Royal  EnginamB  and  the  mftj(»  eommtfidi&g  the  corps  of  ih«  toipedo- 
boats. 

The  diiDMMions  of  fhe  9  ataamboatB  wen  aa  fbllowa: 


II 


10  ai.  100 

11.1X1  .  sjo  •  M 


niiUQ-Iranie  6  m.  _ 

Ocnenukl  v.d.H«yilMi        Id.  SMO  •  0.30  •    1   .  MO  •  M 

Coh.nW  id.  XSM  *  4  !«i  ■    '  r  i.^  «  30 

DiMldoiUl«  id.  VM  o  &M  •   i  I  US  <  W 

HoMUiitt  Id.  9ByM  r  &M  «  ]  1  MO  •  10 

Hoek  vw  Hfillwid  Id.          MM  .  Ml  «  '  UK  -  00 


With  the  aid  of  the  detaciiments  of  the  corps  of  Engineers  and  the 
torpedo  ooipa  the  fint  tfiiiig  to  be  done  waa  to  fiusUitata  the  aotkm  <rf 
.  the  steamboats,  by  blasting  at  the  places  were  the  action  of  the  dear 
ranees  could  not  harai  the  lower  districts  and  where  the  boats  coold 

not  reach. 

At  different  plaeen  on  the  river  21  boat-sledges  had  been  prepared  with 
necessary  implements,  3urh  as  axes,  lanterns  etc.,  etc.  To  break  the  ice 
on  the  rivers  Hollandsch  Diep.  Merwede,  Waal,  Maas  and  the  navigable 
courses  of  Dordrecht  the  following  steamboats  were  used :  Wodan,  Zeeland, 
Rotterdam,  Owneraal  van  der  Heyden,  Hosanna,  Hoek  van  Holland,  while 
the  other  boats:  Maasstais,  Ocdonel  and  Dieudonn^  would  work  on  the 
Nieuwe  Kaas  and  the  Lek. 

Also  for  the  first  named  rivers  3  detachments  of  the  corps  of  Engineers 
and  for  tlie  last  named  1  detachment  of  the  torpedo  troiip?  were  designed 
to  spring  the  ice  by  explosives  in  front  of  the  steamboats  and  to  break 
the  embankments  of  ice. 

Other  detachments  of  the  corps  of  Engineers  were  engaged  for  the 
clearance  of  the  Rhine,  near  the  German  frontiers  and  the  YsseL 


2.  CONSDSRATION  OK  fHB  RESULT  OF  THB  UKAIIS  BMPLOim^. 


Although  with  the  means  disposed  of  everything  would  be  done  to 
attain  the  end  proposed,  that  is  to  clear  the  mouths  of  the  rivers,  the 
work  that  bad  to  be  undertaken  was  so  important  by  the  extraordinary 
fro«t,  thai  one  could  foresee  the  insignificant  r^uit  in  taking  in  conside- 
ration the  proceeding  experiments  made. 

If  for  instance  the  ice  had  been  lees  thick,  as  it  was  in  January  1886 
when  A  steamer  (like  the  Wodan)  bad  been  enable  to  break  an'  embank- 
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roent  of  8  kil<imetcies  long  on  the  Dordtsdie  Kil  in  about  4*1^  hours,  in 

this  case  it  wa8  quite  impossible  as  the  ioe  was  too  thick. 

It  was  only  possible  to  make  an  opening  by  striking  against  the  ice  at 
fn!l  ?pecd  and  making:  sudden  spurtc<  of  150  mfttms;  even  after  a  con- 
tinual thaw  of  15  days  the  white  ice  was  still  so  strong  that  the  Wodan 
taking  a  run  of  lo()  metres  at  lull  speed  and  striking  the  ioe  penetrated 
in  the  maae  only  about  the  length  of  the  boat  and  having  great  difficulty 
to  get  away  again  to  make  another  run. 

The  other  eteamboats  being  less  powerful  did  naturally  lees  work.  It  is 
useless  to  say  that  little  progress  was  made  and  that  the  implement* 
and  engines  suffered  very  much  from  the  beginning  to  the  end  of  the 
ice-clearance. 

The  etlect  of  the  springing  of  the  mines  did  not  facilitate  the  working 
of  the  boats  so  much  as  it  had  been  hoped,  although  the  corps  of  Engl- 
neets  iulfiUed  Uieir  task  with  the  most  inbtigaUe  peneTcnnoe  and  wiUi 
great  prudence. 

In  average  the  openings  made  with  all  the  dispooible  fiMwes  on  the 
Hollandsch  Diep  and  Nieuwe  Merwede  Were  of  about  500  to  600  metres 

daily  on  a  width  of  about  2oO  metres. 

The  whole  length  from  the  mouth  of  the  Nieuwe  Merwede  down  to  the 
railway  bridge  on  the  IIolhuuLsch  Diep  is  about  21fXX)  metres,  thus 
the  result  is  middling  in  taking  iulu  consideration  the  end  pruposed. 

More  boats  to  break  the  ioe  would  have  been  useless  as  each  boat 
when  trying  to  make  an  opening  wanted  the  neoeBsary  space  for 
maneUTmng  and  it  would  have  heea  imposnble  that  more  steamboats 
could  work  side  by  side  in  the  course  of  the  stream. 

Better  results  were  obtained  on  the  Nieuwe  Maaa  and  the  Lek  as  the 
crust  of  ice  was  less  thick  and  there  were  smaller  ice-banks.  The  clea- 
rance made  was  of  a  daily  average  of  about  I'/t  kilometre  on  the 
whole  width  of  the  river. 

S.  Damage  suefered  by  the  steam  boats. 

Alter  the  clearance  when  the  steamboats  were  in  dock  it  appeared  that 
they  had  genendly  greatly  suffered.  The  prows  of  nearly  all  the  boats 
hud  their  plates  more  or  less  driven  in  and  partly  cracked  and  every 
one  of  them  made  water.  Also  all  the  screw  steamers  had  one  or  several 
screws  broken  and  their  shaft  damaged.  The  paddle  boats  had  damage 
to  their  paddles,  centre  pieces  broken,  fellies  or  iron  rays  Iwoken  or  bent 
and  other  implements  damaged. 

All  the  V>oat8  had  damage  to  their  rudders. 

Th(>  « ugines  were  in  rather  good  state,  no  important  damage  in 
that  way. 
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4.  Costs. 

The  total  eum  of  costs  for  hire,  works  and  repairs  caused  by  this 
ekaiwDos  amounted  to  fl.  72404.54. 

In  adding  the  Sam  paid  during  five  years  to  the  owner  of  tbe  steatu- 
boat  Wodan,  transfonned  in  ioe-breaker.  forms  the  total  of  fi.  118.404.64. 

For  that  amount  the  clearanoe  of  last  winter  took  shout  800  houis, 
the  cost  is  fl.  148  per  hour. 

If  the  subniilN  for  the  construction  of  the  Wodan  is  not  counted  the 
cost  is  11.  79  per  honr. 

The  following  table  gives  the  details  of  the  expenses  made. 


Name 

Hire  aad 

Coet 

» 

0 

:tioD. 

Told 

o 
-C 

a 

a 

Cort 

of 

of 

s 

REMARKS. 

the  iKiate. 

aervka. 

M 

O 

pflr  homr. 

reiielfai 

k. 

o 

Wodan,  ,  .  . 

/l.1433SJ>0a) 

/?.  3537.55 

/T.1 7870.05  «) 

12B}( 

268 J< 

fl.  00^956) 

Ill  111  Ihl8  sum  fl.  93UU.  arr 
ouiiiprtiictl  a  p.p.  on  tbc>  c«»l 

Jf«UlM(l»t«  .  . 

4800.— 

3880.45 

8886.45 

125 

233 

60.40 

of  ootutraciloD  11.  iiMHL-. 
AdiJM  to  thin  M.  wnoft.-  wrtit 

Zeeland.  .  .  . 

1G01.25 

0083.90 

8345.15 

23  li 

21 1K 

335.11  c) 

\tn  ••ountwl  for   th*-  winter* 

Rotlerdam .  . 

3305.- 

3840.— 

7145.- 

118 

2043i 

60.55 

h»eD  pal'l  »ltbotigb  th«  bu«t 
ramtJuett  in  luocltvitj. 

Generaal  van 

6)  The  anuii«l  tnlMidy  of 
fl.  »m-  for  the  oo«l  «f  Ikt 

der  Heyden . 

1S02.50 

ie787.46d) 

18S8005d) 

45  J< 

loO'i 

401.97  c!) 

butl<llD«  of  tto  W«au  M( 

Cohnel .... 

2435.50 

lfi66.50 

3702^ 

101 X 

219K 

22.88 

IHewioimt .  . 

1713.— 

1360.24 

307^24 

07 

157 

31.68 

the  work. 
<0  In  thl.i  atuonot  1>  tiM 

Hctamna.  ,  . 

1457.50 

1733.— 

dioaso 

40)< 

7a78 

coHt  of  n-floatiutf  fl.  .lOU.  «hi4 
boat  having  sunl  14  m.  itry 

Httek  van 

And  fl.  im4M  tjt  regain  t« 

th<'  hcyit  «MMti  of  nUtn(« 

HuHand.  .  . 

1045.— 

1057.20 

2102.20 

110 

35.63 

«>  Thi*  boat  raok  quit*  M 
th«  bcfUwJiiy  of  dw  vwte 

Total  .  .  . 

/{.  32252.25 

/(.  40152.29 

/7. 72404.54 

799% 

/J.148.— 

and/;.  46000... 
for  the 
-Wodan" 
1885-1890. 

The  wlitsr  sf  the  year  I8S2-I898. 

TIk'  insignificant  results  of  the  artififial  clearance  (hirinfr  the  winter 
lS'JO-1891  and  the  liigh  costs  occasioned  esj)cci:Lllv  l>v  tho  U!<e  of  steam  boats 
caused  other  means  to  he  .-^Indieil  to  arrive  at  a  InHier  result  and  with 
less  costs.  The  j)roof  had  l)een  made  that  although  the  steautboat  „Wodan" 
was  strongly  built  it  could  not  stand  the  continual  shoeks  against  a  hard, 
tnuu^Numit  and  compact  ioe  of  '  25  to  46  oentimetres  thick. 

Tbe  otiier  steamboats  were  yet  more  unable,  on  account  oftheir  build,  to 
resist:  the  bresk  downs  that  took  place  at  eveiy  moment,  also  the  damage 
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to  the  paddles  and  acrewB,  caused  not  only  much  co6t  but  also  great  lose 
of  time. 

As  a  tiial  it  vras  deoided  to  give  to  the  Wodaa  a  spnr  ax  j^ough  aooor- 
ding  to  the  sketch  on  the  plan  I  heiewith. 

Thie  plough  made  of  soft  steel  wss  eonstnmted  in  such  a  way  that  it 
should  float  by  iteelf  in  tlie  position  as  required,  which  was  desirable  on 

account  of  the  ?reat  wcipht  of  this  instrument. 

•  The  plough  was  fixed  in  the  front  of  the  Wodau  with  the  bottom 
part  covered  by  about  6<)  centimetres  water.  The  proposed  plan  wa«  to 
push  the  plough  under  the  ice  and  breaking  it  from  underneath  and  not 
to  mn  against  the  ice  to  make  q[>litB  as  before. 

It  was  essjr  to  comprehend  that  in  this  way  the  steamboat  would  he 
less  damaged.  A  few  shipowners  had  slso  provided  some  steamboats  with 
ploughs  at  their  cost.  The  tug  „Perni8''  had  also  a  plough  formed  in  the 
same  manner  as  the  one  of  the  „Wodan".  Two  other  bo!it.«,  the  Freya 
and  Jason  had  also  ploughs  on  the  samo  principle  but  different  in  form. 
On  the  sketch  herewith  will  be  found  the  drawings  of  the  Freya  and 
Jason  witli  their  ploughs;  these  boats  had  ako  i^erews  of  soft  steel. 

The  clearance  of  certain  rivers  having  been  thought  necessary  during 
the  winter  1892-1898  the  boats  Wodan,  Pemis,  Freya  and  Jason  equiped 
in  that  way  were  sent  to  dear  the  HoUandsch  IKep^  the  two  Merwedes 
and  the  Waal. 

With  the  other  boats  the  Hosanna  was  also  employed,  but  without 
plough,  ])rinci pally  to  he  uped  as  a  transport  boat  for  the  miners  who 
would  aid  the  eflort.s  of  the  other  boat^  l)y  e.\j)losion?«. 

Hut  still  it  must  he  noted  that  the  rivers  were  much  less  eneuinbered 
by  ice  during  this  winter  than  the  preceeding  one.  The  frost  tluit  iiad  .-et 
in  on  the  December  1892  kept  on  variably  untill  the  18^  January 
1898.  All  the  rivers  were  closed  by  a  crost  of  ice  of  about  26  centimetres 
thick,  and  with  heaps  of  ice  that  reached  often  the  bottom  of  the  river 
and  representing  a  thickness  varying  from  70  centimetres  to  8  metres.  The 
Dieuwe  Merwede  and  the  other  lower  rivers  made  exceptions  and  there 
was  hard  floating  ice  covering  the  two  thirds  of  the  sorfiMe  of  4  to  13 
centimeters  thick. 

Contrary  to  the  priueiple  adopted  formerly  of  beginning  the  breaking 
of  the  ice  when  the  thaw  set  iu,  it  was  decidefi  to  attempt  before  the 
thaw  to  hinder  the  Nieuwe  Merwede  to  dose  np.  Tlus  river  was  encum* 
bered  by  large  masses  h«^)ed  up  against  the  banks  nearly  dceing  np 
the  lower  mouth  which  can  be  considered  as  the  prindpal  way  oi 
discharge  for  the  water  and  ice  higher  up. 

According  to  the  proposed  plan  the  ice-breakers  went  through  the  Hol- 
landsch  Diep  to  the  Nieuwe  Merwede  and  a«  long  as  the  ioe  lasted  it 
waR  decided  to  try  to  stop  this  last  river  from  closing. 

Two  boats  were  employed  to  break  down  the  heaps  of  ice  filling  the 
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grentest  put  of  the  moutli  of  this  iiver»  whOe  the  other  two  would  ran 

continually  bom  one  end  of  the  river  to  the  other  to  prevent  the  pieces  of 
ice  to  form  a  compact  mass.  If  the  thaw  Bet  in  it  was  decided  to  clear 
the  ice  higher  up  after  having  broken  the  barriers  in  the  month  of  the 

Nieuwe  Merwed^ 

The  miners  would  help  the  work  of  the  boats  and  operate  especially  in 
the  places  where  the  vessels  could  not  reach. 

If  the  xesoltB  of  the  year  1890-1891  were  inngnificant  as  it  has  bem 
described,  the  works  that  we  are  now  speaking  of  were  more  lavonrably 
done  on  account  of  better  drenmstazioeB  and  better  implements  so  that 
when  the  natural  clearance  of  the  ioe  commenced  the  ice  in  the  Nieuwe 
Merwede  was  floating  and  also  on  a  consirlevable  longth  of  the  Boven- 
Merwede  and  the  most  c^'^'  nti  i!  tliine  was  that  all  the  heaps  of  ice  in 
the  shallow  parts  were  all  broken  down. 

As  to  the  effects  pruducetKi  by  the  steamboatB  with  ploughs  it  was 
asowtained  i^ce  the  beginning  of  the  work  thai  neither  the  Wodan  nor 
the  screw  boats  ooold  advance  xegolarly  even  where  an  even  field  of  ice 
had  been  farmed  when  the  ice  was  26  CMilametrea  thidc. 

Ueelees  to  say  that  it  was  yet  more  difficult  t*^  advance  in  places  were 
heaps  of  ice  had  been  formed.  Although  the  Wodan  took  runs  at  full 
speed  against  the  edge  of  the  icefield  she  penetrated  generally  about  hall 
her  length  in  tlie  masn.  Bometimep  her  whole  length  but  rarely  further. 

The  screwboats  armed  with  sharper  ploughs  (Freya  and  Jason)  pene- 
trated generally  easier  in  the  fixed  ice- 
It  Is  without  doubt  that  better  results  have  been  obtained  with  steam* 
boats  provided  with  ploughs  than  without 

Thus  during  the  winter  1890—1891  9  steamboats  without  ploughs  were 
used.  These  were  put  at  the  disposal  of  the  government  during  2529  */4 
hour?  and  thev  worked  :it  tlie  breaking  of  the  ir-p  rhiring  799''^  hours, 
while  the  5  stoainhoats  which  were  used  last  winter,  i  of  which  had  ice 
ploughs,  worked  775  hours  in  the  ice  during  a  t<jtal  service  of  194')  hour><. 

This  favourable  result  in  due  nut  only  to  the  steel  screws  but  alno 
greatly  to  the  ploughs  protecting  the  prows.  In  consequence  continual 
leaks  did  not  happen  as  during  the  pieceediog  winter  and  interruptions 
in  the  work  to  repair  damage.  In  this  sense  the  ploughs  used  by  the 
Wodan  and  Pemis  are  prrferable  to  those  of  the  Jason  and  Freya,  the 
first  protecting  the  prows  much  more.  But  the  model  of  the  Jason 
and  Freya  being  much  sharper  succeed  better  to  out  the  roasses  of 
ice  than  the  other  shape.  It  is  true  that  on  a  field  where  tlie  iee  was 
not  heape<l  up,  the  paddles  of  the  Wodan  had  effect  over  a  wider 
space  and  sometimes  large  pieces  of  ice  were  loosed  and  drifted  away, 
but  the  flat  plough  on  the  contrary  had  less  effect  on  hei^  of  ice 
of  two  metres  or  more  and  sUll  it  is  exactly  in  those  parts  that  these 
ice  breaking  implonents  should  produce  an  effect 
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The  boat  coold  sometimes  hardly  get  loose  when  it  was  at  woik  at 
these  embankments.  Often  anothw  steamboat  had  to  help  to  bieak  the 
ioe  to  enable  her  to  be  deared.  The  efifoet  prodnoed  in  those  heaps  was 
lees  than  by  the  Freya  and  Jason  whidi  having  sharper-ploughs  loosened 
themselves  nearly  always  alone. 

The  steamboat  Honnnna  without  plough  had  aft«r  two  days  work  snoh 
a  dangerous  leak  that  the  was  unable  to  continue  and  had  to  he  repaired. 

If  the  use  of  ploughs  can  be  judged  as  favorable  for  quick  work  it  \h 
to  be  remarked  that  the  boats  employed  to  break  ice  should  be  much 
strange  bnilt  than  tugs  generally  are.  The  prows  of  the  boats  pioteoted 
by  the  ploughs  i^iainst  leaks  have  anothw  and  serious  inconvenient 

The  eizample  of  the  Fkeya  proved  this  evidenUy.  This  boat  having 
been  used  during  one  year  for  artificial  cleaianoe  and  although  its  build 
is  much  stronger  than  of  ordinarj'  tugs  it  was  ascertained  by  the  inspec- 
tion in  dock  that  the  whole  boat  was  disjointed.  This  Was  also  the  case 
with  the  Jason  although  this  vessel  had  been  less  used. 

The  Wodau  resisted  much  better  on  account  of  its  special  strong  build. 

The  number  of  screws  broken  was  less  if  compared  to  preceeding  years. 

Tha  oasi  iron  sovew  of  the  Pemis  brcdce  twioe  and  tiie  screws  of  the 
other  boats  were  so  little  damaged  that  it  was  found  unnecessary  to 
replace  them.  This  is  to  be  ascribed  to  the  use  of  steel  scraws. 

As  the  boats  with  ploQ|^  could  continue  their  work  during  a  longer 
space  of  time  than  in  precee<ling  years  the  engines  had  also  more  to 
endure.  Tho  Wodan  had  especially  much  damage  done  to  its  engines. 

In  general  the  paddh's  of  this  boat  were  in  good  condition  but  the 
rudder  received  an  iiuportant  injury  by  its  being  caught  in  iloatiug  ice. 

The  costs  of  the  use  of  these  steamboats  were  as  follows : 
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C.  Im  bTMlwrs  of  the  Elbe  elase. 

Although  the  results  obtained  by  steamboats  with  ploQgfae  are  more 
favourable  than  those  without  this  implement  the  cosXf  of  repairs  re*5ultiug 
of  the  wejik  ljuild  of  the  t)o:its  are  Xoo  high  conij)iire<l  to  the  result*!. 

It  was  therefore  necessary  to  find  boats  more  strongly  built.  This  idea 
indaoed  the  gOTemment  to  examine  if  it  would  not  be  poemble  to  use  the 
flame  ioe  breakere  on  Dutch  riven  as  those  need  on  the  Elbe  above 
Hambooig  with  fitTOOxable  naiiltB. 

During  the  diBcnaaion  of  the  budget  of  the  State  for  1804  the  neoeeaaiy 
aims  were  voted  to  build  an  ice>breaker,  as  trial,  on  the  model  of  the 
one  used  on  the  Elbe.  It  is  being  made  and  will  cost  tl.  47000.—  The 
sketch  of  the  Iwat  will  be  found  herewith.  Here  are  other  dctiiils. 

Tile  veB.«el  measures  2*^  metres  in  len^^th  on  the  water  line;  G  metres 
width  and  l.iiO  m.  to  2  metres  draught. 

The  hold  is  flat  at  the  bottom;  the  keel  from  the  poop  to  the  middle  of 
the  vessel,  follows  a  stnug^t  line  with  a  riss  ot  80  oratimetras  and  carves 
in  a  parabola  to  the  prow.  At  60  centimetres  firom  the  pzow,  the  tangent 
of  that  curved  line  makes  an  angle  of  17  degrees  with  the  water  line. 
Forward  the  keel  emerges  and  makes  a  round  insensibly  to  the  prow. 
The  build  of  the  })a(  k  of  the  boat  is  such  that  during  the  olftarftPOP  of 
the  ice  the  pieces  lonscned  keep  clear  of  the  screw. 

In  free  water  tiie  boat  runs  at  a  rate  minimum  of  5  metres  per  second. 
In  the  middle  ofthe  hold  a  steel  keel  of  10  centimetres  high,  in  the  form 

the  annexed  drawing,  has  been  riveted  to  the  outside 
of  the  vessel  to  concentrate .  the  presrion  whea  the 
boat  goes  through  an  ioe  field  and  also  to  hinder 
^     the  Ix^at  to  drift  off  when  in  movement 

To   strengthen  the  out*  r  -^kin  a  combination  of 

V 

transversal  and  longitudinal  frames  has  been  imagi- 
ned and  stiflened  by  five  watertitrht  partitions. 

The  dimensions  of  the  stem  are  120  X  40  millimetres,  and  those  ol 
the  stempost  120  X  ^  millimetres. 

In  the  front  part  of  the  vessel  the  firames  are  distanced  80  oenti' 
metres,  in  the  middle  35  to  40  and  the  further  end  60  centimetres 
apart 

To  render  the  build  still  stronger  longitudinal  frames  have  been  dia- 
posed  on  the  keelsons  and  at  the  height  of  the  water  line. 

The  thickness  of  the  iron  plates  is  10  millimetres  in  the  front  part  of 
the  vessel  to  the  water  line  and  13  millimetres  below  it;  in  the  middle 
and  at  the  haA  9  millimelres  and  at  the  other  parts  not  exposed  8  milli- 
metres. 

With  ezoeption  of  the  forged  pieces  the  vssssl  is  built  in  steel. 

In  front  and  at  the  back  of  the  vessel  spaces  have  been  left  open  to 
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be  filled  with  water  to  aerve  as  baUaat  Thia  walear  ia  pumped  in  by 
ateam  power  and  oan  be  taken  out  in  the  same  manner.  To  stop  the 
water  htm  freeitng  it  can  be  wanned  by  steam. 
"Hie  engine  is  vertical,  high  and  low  pressure  and  condensation  at  the 

surface  or  hy  injection;  it  can  ^t-TV"  ah-o  without  condensation;  it  is 
tixed  in  an  exceptional  strung  inauuer  and  of  250  horsepower. 
The  boiler  is  of  the  tube  sybtera. 

The  screw  is  in  cast  steel  with  four  blades;  its  diameter  is  160  centi- 
metres. The  shaft  has  15  centimetres  diameter.  An  electric  search  light 
has  been  installed  on  the  prow. 

With  such  ice  breakers  the  results  on  the  Kibe  have  been  very  satis- 
factory during  the  last  winters  especially  for  freedom  of  damage  to  these 
boats.  They  operate  in  Blidinj:^  on  t!)0  !<  o  fields  that  they  break  by  their 
heavy  weight.  Tliat  way  is  quite  diilerout  to  the  one  used  in  Holland, 
Timt  is  why  the  keel  has  a  special  form. 

It  is  not  necessary  to  point  oat  that  these  mn  much  less  risk  of  injury 
than  the  boats  that  ran  agunst  the  sides  of  the  ice  field  to  break  the  ice 
or  the  ploughs  with  submerged  spurs  breaking  the  ioe  in  lifting.  The 
diffievent  sketches  found  herewith  explain  the  different  methods  of  working. 

The  advantages  of  the  icebreaker?  that  slide  on  the  ice  to  break  it, 
that  have  been  n.sed  on  the  Elbe  are  not  only  due  to  the  model  of  the 
boat  but  al.so  to  the  fact  tliat  the  ice  banks  on  the  Elbe  are  in  general 
much  less  than  iu  the  Dutch  rivers. 

That  can  be  explained  as  follows: 

firstly  the  speed  of  the  current  on  that  part  of  the  Blbe  above  Ham- 
burg is  small  compared  to  the  Dutch  rivers;  therefore  the  ice  being 
less  pushed  does  not  heap  up.  Also  the  JSlbe  is  in  that  part  much  more 

regular  than  the  lower  parts  of  our  rivers. 

Although  there  exists  still  a  great  number  of  sand  banks  in  the  Elbe 
these  remain  generally  much  deeper  under  water.  Kveu  during  the  ebb 
these  sandbanks  are  rarely  to  be  seen. 

Generally  the  ice  banks  form  themselves  during  the  ebb  on  banka  that 
are  then  viaible  and  remain  heaped  up  especially  in  the  lower  parte  of  oar 
large  rivers  where  the  works  to  regulate  our  rivers  are  not  quite  finished 
yet.  It  is  also  without  doubt  that  the  many  bifurcation'*  of  our  rivers  have 
also  a  l)a(l  iutluenc-e;  the  consequences  are  stagnant  waters  at  the  points 
where  the  branches  aeparate,  and  the  ice  heaps  up  in  those  parts  and  forms 
embaukments.  The  current  divides  itself  much  less  in  the  lower  part  of 
the  Elbe.  That  river  has  also  the  advantage  of  ha^g  its  mouth  in  a 
north  westerly  direction  and  is  therefore  more  &vouiably  situated  for  the 
winds  existing  generally  during  thaws,  than  our  estuaries  of  Qoerae  and 
Brouwershavm  where  the  ice  has  principally  to  be  discharged. 

For  these  reasons  the  heaps  of  ioe  will  create  mora  snrious  inconvenience 
on  our  rivers  than  on  the  Elbe. 
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Although  the  boats  of  the  Elbe  class  offer  great  advantugea  as  to 
repairs  and  progress  in  woridng,  even  these  will  be  nearly  nseless  on 
embankments  of  ioe  like  those  that  finrm  themselves  on  our  rivers  of 
sometimes  1000  metres  long  and  ocenpying  the  whole  width  of  the 
river  to  the  bottom. 

T!i(-  boat  sliding  at  all  speed  against  the  surface  of  sodk  heaps  will 
remain  Htaruiing  or  else  slide  back  again. 

Tn  thoHc  conditions  the  work  of  clearance  must  be  abandoned  in  great 
part  to  the  miners. 

Still  if  one  woold  try  to  use  these  boats,  even  in  these  particular  cir- 
comstanoes,  they  shonld  be  provided  with  ploughs  like  those  need  by 
the  Jsson  and  the  Freya  dnring  the  winter  1892^1893  whieh  eoold  be 
done  easily. 

These  last  named  steamboats  have  worked  with  sneoess  in  1893  in 
breaking  down  embankments  and  heaps  of  ice. 

V.  ARTinCIAL  CLEARANCE  OF  RIVERS  BY  MMES. 

A.  Cases  whsa  exploshfsa  wire  Mad. 

In  the  attempts  that  have  been  made  to  canse  artifidal  deanuioes 
explosives  have  been  often  used.  Although  these  have  not  been  made  on 
such  a  large  scale  that  a  full  judgement  can  be  formed  on  their  efficacity,  the 
experience  acquired  in  different  circunialances  dtiring  the  ]asX  winters  is 
important  enough  to  review  the  resulta  and  at  the  same  time  to  discuss 
the  subject 

In  the  III  chapter  a  view  of  the  cases  has  been  given  where  one  had 
leoouise  to  artifidal  deaxance  by  ezplodves. 

Up  to  1881  explodves  wwe  ussd  to  blsst  the  ioe  only  above  the  point 
whc^  the  ice-biesken  were  wortdng,  Dnring  (he  winten  1880—1891  and 

1892 — 1893  explosives  were  employed  on  a  large  scale;  they  were  used 
to  help  the  boats  in  clearing  the  ice  in  the  middle  of  the  Btream  of  the 
rivers  downwards,  or  else  to  elear  the  heap?  of  ice  with  or  without  the 
help  of  the  ptcamboatH.  It  is  especially  the  resnlts  obtained  in  January 
and  February  1891  and  189;i  that  must  be  spoken  of  here;  the  report**  of 
the  engineers  and  commanding  officers  of  the  detachments,  also  the  expe* 
rieooe  of  the  anthor  of  this  paper  are  the  souicss  for  the  information 
^ven  in  this  diaptnr. 

Those  who  interest  themselves  in  the  question  will  find  in  the  reports 
of  what  has  taken  place  during  the  winters  1890—1891  and  1892-1898 
on  the  dutch  rivers  all  details  on  the  stat<'  of  the  ice,  of  the  elearanees 
etc.  and  the  maps  of  the  same  years  will  also  help  to  explain  the 
question  discussed  here. 

The  circumstances  when  explosives  are  used  were  the  following. 

0.  To  hdp  the  ioe-breakecs  in  the  dearing  of  the  embankments  (em- 
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bankiutnt  is  the  ice  that  closes  wholly  or  partially  the  riTen  with  ice-floes 
(uiught  underneath). 

h.  To  clear  altogethw  the  baniera  formed  of  heaps  of  loe. 

e.  To  maintain  witli  the  aM<^theioe<'biea]Be»  the  Qontlnnal  floating  down 

of  the  ice  during  the  frost  and  help  the  dearingB  whm  the  water  being 

too  low  the  ice-breakers  could  not  reach. 

For  the  cases  n.  and  h.  it  has  been  found  necessary  to  commence  the 
work  when  a  continued  thaw  aets  in  InM^ause  during  th^  frost  the  em- 
baikkmeutH  aud  barrieru  broken  or  split  form  immediately  again  a  compact 
masB,  and  H  wonld  therefore  be  laadew  work,  excepting  when  ioe  can 
float  downwards  to  the  sea. 


a.  The  breaUag  of  eoilMuilnieiti. 

In  189)  and  189S  the  aid  of  the  troops  of  engineeiB  and  torpedoa  was 
found  neoeesaiy  wben  the.  ice  was  20  to  25  centimetres  thicki  the  ioe- 
breaken  bding  unable  to  advance.  The  drcumstanoM  and  manner  of 

working  have  been  described  in  the  pieceeding  chaptere  therefore  we  will 
simply  add  that  the  openings  made  were  in  the  direction  of  the  nm  of 
tlie  stream.  To  enable  the  floatinij  ice  from  above  to  clear  it.self  it  is 
necessary  that  the  openings  made  be  sufficiently  large.  These  were  accor- 
ding iu  circuujstanceH  from  150  to  200  metre:!.  Tlie  diatauces  uf  the  mines 
of  the  same  furrow  or  the  distance  of  the  fonows  varied  aoooiding  to 
the  local  dicamstances  as  will  be  shown  in  the  following  ezampleB. 

I.  CieariHgt  ef  llw  HolhuMtsch  Oiep  and  the  mouth  of  the  Nlaswe  Mflrweds  dsrisi 

the  winter  1880/1891. 

IVom  the  !•*  to  the  5"»  of  February  1891  a  detachment  of  one  officer 
and  twenty  men,  and  afterwards  two  detachments  of  2  officers  and  38 
men,  helped  the  ice-breakers  with  mines  in  the  clearing  of  the  southerly 
channel  of  the  Hollandseh  Diep  and  the  mouth  of  the  Nieuwe 
Merwede.  Three  of  these  boats  were  at  work  at  the  said  places.  The  ice 
had  an  avenge  thickneM  of  86  omtimetaes.  At  the  OKmth  of  tin 
Nieuwe  Merwede  the  thiokneas  increased  irom  50  centimetres  to  8  metres 
on  account  of  the  floating  ice  that  glided  undmneath  the  sheet  <^  ioe 
and  fonned  an  embankment 

Nnmber  of  mines  sprang  (powdor  and  dynamite): 


Um  1m.  ot  Mmmtf 

•  • 

•  4".  • 

•  6N.  • 


U 
U  » 

u  • 


The  powd<  r  used  varied  from  10  to  25  kilos  per  charge,  the  dynamite 
from  2Va  to  10  kilos. 
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The  minBt  of  powder  WMe  made  under  the  sarfiwe  <tf  the  ice  at  a 
depth  of  1.75  m.  to  2Vs  metres  and  the  minea  of  dynamite  at  1.60  m, 

Tlie  mines  made  openings  of  5  to  14  metxea  diameter,  aoooiding  to  the 
ice  or  the  kind  of  explosive  matter  used;  the  fissures  occasioned  by 
these  exploeions  were  generally  insignificant)  eepedally  when  the  ice  waa 
vpr>'  thick.  The  orJiiuiry  Hissures  were  from  10  to  30  metres.  For  an 
exact  notion  of  these  pknise  see  the  expliiniitions  in  part  TI  annexed. 

The  mines  were  diisposed  in  a  furrow  iiO  motrt»s  apart  but  if  the  effect 
produced  was  insufficient  to  help  the  boats  used  as  ice  breakers  the  mines 
were  placed  at  25  metres  one  ftom  another,  the  Airrows  weze  ^Mced  at 
a  diatanoe  of  100  metres. 

In  five  days  work  the  conise  of  navigathm  waa  open  on  a  distance  of 
about  2000  metres  and  a  width  of  about  250  metres.  The  cause  of  so 
little  success  must  bo  attributed  to  the  great  thickness  of  the  ice,  prin- 
cipally on  account  of  the  difficulties  that  the  boats  encoiintere<l  by  the 
damage  received  and  also  the  unfav»iural>le  cimimstances  under  which 
the  detachments  had  to  work.  The  conveyance  of  the  explosive  matteis 
to  the  sand  bank  of  Anna  Jacomina  by  the  narrow  dikee  was  effectuated 
with  difficult  and  on  account  of  the  tide  and  foggy  weather  it  was 
very  dififienlt  to  work  the  mines. 

2.  Gtoarfsf  «f  His  Bsvsa  Msrwsds,  tlie  Waal  dsrisg  the  wtster  mi-IHtS. 

There  was  occasion  of  working  on  a  much  larger  scale  for  the  clearing 
of  the  Boven  Merwede  and  the  Waal  during  the  winter  189'2 — 1893  than 
in  former  years  or  when  clearing  the  Lek  in  1890—1891.  As  it  bad 
been  possible  to  keep  the  Nieuwe  Merwede  open  during  the  frost  and  as 
a  detachment  of  Enginews  composed  of  one  officer  and  twenty  mm  had 
been  ordered  in  time  to  Werkendam  the  work  could  he  commenced  at 
the  beginning  of  the  thaw. 

Four  boats  with  plotighs  (Wodan,  Pernis,  Froya  and  the  Ja,sc)n)  ha<l 
been  commissioned  for  the  clearing  with  the  Hosanna  wlio  had  no  plough. 

From  the  1">"»  to  the  21»»  of  January  18'.):;,  it  freezing  ^^till,  the  Freya 
and  the  Ho^anna  succeeded  with  the  aid  of  the  troop^t  of  Engineers  in 
biealdng  an  ice  embankment  (which  was  partially  a  barrier)  at  the 
mouth  of  the  Nieuwe  Mwwede  (see  letter  e  of  this  <diapter). 

The  thaw  commenced  on  the  22'>'  of  January  and  the  Wodan  having 
arrived,  a  passage  of  lOO  to  150  metres  was  opened  in  the  Boven  Mer- 
wede but  on  account  of  the  ^^inall  dopth  of  the  water  it  was  imposnble 
to  break  the  ice  over  a  greater  width. 

Tlie  23^"^  of  January  the  blasting  ojit  rations  were  commenced.  The  solid 
ice  had  generally  a  thickness  of  20  to  25  centimetre,  sometimes  .iO 
centimetres.  Between  the  Km.  stones  C9I  and  XOVIII  (1)  embankments 

(1)  The  engineers  of  the  Waterstaat  have  divided  the  rivers  in  Holland  in  subdiviMons, 
called  kUooMtra  fiirrowt,  w«  have  aaed  the  term  kUometre  stone. 
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of  ice  were  found  varying  from  0.7  to  6.0  metres  in  thickness,  formed  by 
flcMting  ice  that  had  gathered  underneath  the  cruet  of  ice. 

Minee  of  powder  and  dynamite  made  openings  in  the  funowa  which 
according  to  the  thickness  of  the  ice  were  spaced  25  to  75  metres  apart, 
and  in  car  fi  furrow  2  to  3  blasts  were  made  Ceometimee  4  to  7).  In  places 
where  the  ii  it-  could  work  alone  no  mines  were  sprang. 

The  total  numbers  of  these  were: 

Uat«.  Puwdcr     UyiMnitW.  Total, 

ttrd  JauMiy  U  f  91 

Mib     M.  18  ST  4* 

VOt     tA.  M  tl  SI 

Wtb      id.  »  M  W 

37111     td.  U  V  '  « 

Mh     Id.  M  —  M 

The  weight  of  the  charges  used  was  for  powder  12.1  to  25  Kilos,  for 
dynamite  2.5,  sometimes  5  to  or  10  kilos.  The  minee  of  powder  were 
placed  BE  well  as  could  he»  at  a  depth  of  2  metres  for  12.1  Kilos  and 
2.5  metres  for  25  Kilos;  the  dynamite  at  1  metre  under  the  euifiuie  of 

the  ice.  (See  annex  IV.)  According  to  the  thickness  of  the  ice,  the  mines 
of  12.1  Kilos  of  powder  and  2,5  Kilo3  of  dynamite  made  brciulies  of  4 
to  10  uielres  diameter  (in  ice  of  70  ct.-ntinioirta  thick  7  to  S  metr^ 
diameter);  the  mines  of  25  Kilos  of  powder  made  generally  breaches  of 
11  to  15  metres  and  those  of  5  to  10  kiloe  of  dynamite,  much  used  for 
barriers  of  thick  ice,  gave  the  same  reenlte  as  the  mines  of  2.6  kilos  of 
powder  in  thin  ice.  The  length  of  the  fissures  was  generally  of  20  to 
40  inctH  H  ;  only  once  of  50  to  60  metxee  and  often  only  oflOto  15  metres. 

The  length  of  the  course  of  water  opened  by  eight  days  work  of  the 
ice-breakers  was  14  kilometres,  that  ie  an  average  of  l*/4  kilometres 
per  day. 

On  the  2y^  of  January  bhi^tiug  was  discontinued,  as  the  ice- 
bnaaken  did  not  arrive  being  employed  elsewhere  to  break  the  em- 
bankments. 

The  2^  of  February  the  natural  clearing  of  the  Beneden  Waal  began 
and  the  of  that  month  the  water  carrying  the  ice  away  very  well,  it 
was  found  unnecessary  to  continue  the  artificial  clearing  of  the  Waal. 

The  1.  2.  and  o""*'  of  February  the  detachment  of  the  Eiipineer  troops 
worked  to  dear  the  Bovcn  Merwede  of  barriers  of  ice  that  had  been 
formed. 

The  nsalt  of  the  work  on  tlie  Boven  M»wede  and  the  Waal  can  be 
considered  as  rather  important  and  will  be  more  detailed  in  this  chapter 
letter  «. 

b.  Ciearance  and  the  reduoino  of  embankneats. 

During  the  periods  of  frost  and  thaw  of  the  winters  1890—1^  and 

1892—1893,  embankments  were  formed  on  different  points  of  our  rirem. 

O.  B.  teavcaiu*.  —     O.  Bvaotumtna.  S 
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The  greatest  were  those  of  the  winter  1890—1891  on  the  Boven  R\jii, 
near  Lobith  and  HiHingen,  on  the  Waal  between  Boeaam  and  Loeveatein, 

on  all  points  of  the  Nieuwe  Merwede,  on  the  Yesel  near  Zalk  and  on  the 
Maas  near  Grave.  Dnrinfr  the  winter  1892 — 185)3  others  were  formed  in 
the  entrance  of  the  Pannerdensch  Canal  and  the  Boven  Rijn  near 
Lobith  ;  on  the  T.ek  ht  tween  Ha^eftt  ijn  and  Vianen  ;  on  the  Waal  near 
Well,  at  Alienlen,  Gasseit,  near  Bcek  and  Oven ;  ami  also  uu  the  Yssel 
near  Katerveer  and  Zalk. 

On  account  of  the  finvourable  cireumetaneea  in  which  the  dearaooe  took 
place  no  dangerons  raptures  of  dikes  happened.  The  upper  sheets  of  ioe 
having  weakened  by  the  thaw,  the  masses  of  ire  doarcd  away  carried  by 
strong  wattr.*<  tlie  curruiit  of  winch  was  much  increased  by  the  barriers 
of  ice.  In  g(  neral  the  cleariog  was  aided  as  much  as  possible  by  the 

ex])losion  of  mines. 

It  was  only  in  ihu  lower  parts  of  Uie  rivers  (for  instance  Nieuwe 
Merffede,  Waal,  from  Herwynon  to  Loevestein)  that  the  ice-breakers 
had  occasion  to  work,  as  soon  as  lower  down  the  course  of  the  ii?er 
was  open. 

At  places  where  the  rivers  were  still  closed  the  detac  hmonts  of  miners 
had  to  work  unassisted  not  only  to  reduce  but  also  to  clear  away  the 

embankment.'^. 

8oroe  of  the  cases  were  mines  were  sprung  we  will  describe  hereafter. 

1^.  The  embankment  of  the  Yssel,  near  Zalk  during  the  winter  1890—1891. 

We  take  the  following  notes  from  the  reports  made  on  this  subject. 

The  14*>'  of  December  an  embankment  had  formed  itself  to  the  bottom 
of  the  river  at  the  bend  at  Zalk,  near  k.m.  stone  CVIII,  near  the 
ferry  of  Zalk,  on  a  length  of  800  metres.  As  ihi:^  embankment  couM 
become  during  the  thaw  a  great  obstacle  for  the  passing  of  ihe  water  and 
ice,  tiie  boats  bnng  in  the  impossibility  of  approsching  it,  it  was  decided 
that  an  attempt  would  be  made  to  break  this  embankment  by  mines, 
although  that  after  the  said  date  it  diminished  so  much  that  no  irregular 
flow  produced  itself  between  Katerveer  and  Kampen,  On  the  20i»»  of 
January  it  measured  228  metres  above  and  2o2  metres  beneath  k.m. 
stone  CVI  in  length  and  wa.s  on  an  average  112  metres  wide ;  the  thiekne«.s 
of  the  ice  was  at  that  moment  from  45  rentimptres  to  8  metres:  thenpper 
ice  bad  about  45  centimetres  thickness  under  which  other  ice  had  crept. 
On  that  day  a  detachment  of  Engineer  troops  of  one  officer  and  twenty 
men  artived  to  commence  the  clearing.  But  on  account  of  the  river 
being  dosed  up  beneath  and  by  the  small  depth  of  water  there  could 
not  be  question  of  a  regular  clearing,  therefore  it  was  decided  to  attempt 
to  redure  the  maps  by  exploding  mines  and  make  fissures  in  order  to 
help  the  natural  clearing.  On  ihe  27'^  of  January  five  powerful  mines  of 
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50  kilm  were  bloated,  but  the  next  day  it  watt  found  that  the  fissures 
wen  not  more  important  fhan  those  pvodneed  by  smiJler  explosions 
tbOTcfiixe  ofajirges  of  18  and  9  kilos  wexe  used  at  2J5  to  2.9  metres 
beneath  the  ice. 

On  account  of  the  great  sarfoce  of  the  embankment  it  was  decided 
to  oommonce  and  make  holes  on  the  deepest  part  of  the  river,  that 
if?  on  iibuut  half  of  the  width  of  the  river.  After  (liis  if  sufTicient  time 
was  left  the  same  thing  would  he  done  for  the  smaller  depth. 

The  mines  were  made  in  oblique  rows,  spaced  about  25  metres,  the 
distance  of  the  charges  being  15  m. 

The  first  time  the  charges  were  all  lighted  at  once  (in  bottles) 
obliquely  by  a  chain  combtnatiim.  Later  on  when  barrels  were  used  the 
explosions  did  not  snooeed  regularly,  therefore  the  charges  were  lighted 
separat^dy  or  two  by  two  by  a  modified  eystemofconnectlon.  (See  diagram 

■S  en  n  sketch  II). 

The  number  of  explosions  were: 

2}'^  Janntfy      ......  <• 

IB        .   14, 

•  .SI* 

80  90| 

n      •  ai. 

Thus  the  task  for  the  deepest  part  of  the  river  was  performed.  The 
of  February  the  ice  having  beoome  brittle  by  thaw  it  was  impoanble 

to  work  on  the  other  part. 

The  long  fissures  produced  during  the  last  two  days  made  the  explo- 
sions not  so  ncne^aary  therefore  it  was  decided  to  finish  work  and  to 
await  consequences. 

Oa  the  1"'  and  2'"'  of  February  nothing  modihed  although  there  was 
a  higher  pressure  of  water. 

At  eleven  o'clock  p.  m.  on  the  2'''  of  February  the  ice  pushed  by 
increase  of  wat«r  b^n  to  move,  the  openings  filled  and  a  part  of  the 
embankment  went  down  the  river  about  700  metres  and  filled  a  lower 
section.  The  ice  up  stream  of  the  embankment  did  not  move. 

The  3"'  of  February  at  eleven  oMoek  n.  m  the  map?  was  taken  away 
by  the  current  as  far  as  Harsenhort^t  where  it  ?topp(Mi  ugain.  During  the 
night  the  ice  field  downstream  floated  down  to  Kampen. 

On  the  6"*  of  February  the  detachment  of  miners  returned  to  its  quarters. 

Therefore  4  days  work  of  7  to  S  hours  were  wanted  to  break  an 
embankment  of  70000  square  metres.  It  is  most  certain  that  the  openings 
and  fissures  provoked  by  the  explosions  were  favourable  to  the  clearing, 
although  the  whole  mass  flowed  down  without  it  being  followed  by  the 
ice  above. 

It  is  impossible  to  say  if  the  rc?nlt  obtained  is  proportioned  to  the 
expense  or  if  anything  would  have  happened  in  case  nothing  would  have 
been  done. 
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2,  TiM  toe  •nlMkncob  to  tte  Wnl  Iwlwiii  Rotin  awl  LMvwbili  iiriii 
Hn  wlBtor  If  tke  ywrn  1880-1881. 

During  the  night  of  the  28>^  of  December  1890,  the  Boven  Hervede 
having  frocen  over  all  its  length  and  width,  the  upper  ioe  closed  from  that 
day  to  the  31*^  of  the  same  month  the  whole  river  Waal. 

There  was  hardly  no  change  during  the  whole  period  of  frnst  that  ensued. 

Thaw  having  sot  in  the  24'''  of  January  189-1  the  Waal  cleared  on  the 
29"';  but  though  tl!"  icR  cleared  in  the  tipper  parts  different  embank- 
ments (1)  were  formeil  iK'tween  Ro?«mii  und  the  Boven  Merwede.  On  the 
20""  of  January  at  liossum  and  Hcrwijnen  the  water  rose  to  40  centimetres 
under  the  lowest  tope  of  the  dikes  and  for  fearof  mptaredifierentsecticwa 
of  the  dikes  were  heightened.  For  that  reason  a  detachment  of  the  troope 
of  engineers  was  sent  which  worked  from  the  4**"  to  the  8*"  of  Februaiy 
to  reduce  the  ice  embankments  nntiU  these  cleared  on  the  9'''. 

Tjower  down  at  the  height  of  the  ferry  near  Ijoevestein,  opposite  H*»r- 
wijnen  and  ar  Vuren  the  liarriers  of  tee  were  less  to  be  feared  they 
did  not  muke  the  water  rise  and  were  also  U'?s  important.  But  still  the  7, 
8^  and  9^  of  February  they  hindered  greatly  the  clearing  of  the  ice  floating 
down  the  Waal  which  took  its  directaoo  towards  the  lower  riven  already 
cleared  (Boven  and  Nieuwe  Merwede). 

We  think  it  necessary  to  describe  more  amply  the  character  of  these 
ice-banks  as  in  different  rivers  (among  other  the  Nieuwe  Mwwede  and  Ix;k 
ill  18'i2)  similar  embankments  were  formed  on  account  of  local  irr^ularities 
in  their  be<l8  and  as  the  chances  of  clearing  these  ioe^banks  by  well 
condueled  blasting  operations  are  very  promising. 

In  general  there  exists  some  way  below  the  ice-bank  a  field  of  polished 
and  hard  ice  which  can  be  posssd  safely,  higher  up  the  ice  Is  cracked  and 
raised  but  still  will  bear  a  man.  It  is  there  especially  that  during  (he  thaw 
ice  tries  to  make  a  passage  and  finding  the  obstacle  of  the  bottom  of  the 
river  in  the  end  encumbers  the  whole  bed  and  forms  an  embankment. 
AViove  the  ice  embankment  the  surface  of  the  stream  is  covered  by  small 
and  lar^'e  floes  moving  thrnngh  and  over  each  other  and  ean't  be  crossed 
even  in  an  ice-boat  than  witli  great  trouble  and  danger.  The  discharfze  of 
water  being  partly  stopped  by  the  ice-bauk,  the  level  of  the  water  is 
raised  and  the  river  tries  to  leave  its  bed. 

In  examining  these  embankments  the  parts  offering  the  greatest  rens* 
tance  are  easily  seen  on  account  of  their  form  and  colour.  The  artificial 
clearing  is  done  the  most  easily  in  the  following  manner.  With  the  aid 
of  strong  eharges  of  powder  or  dynamite  placed  by  preference  in  the  e>ir- 
rent  it  is  tried  to  break  the  bard  and  polished  ice  in  front  of  the  em- 

(1)  The  ice  from  the  rapture  of  the  Ice  embaQkment  neer  Lobitb  in  floating  liown  on 
the  I't  of  February  through  the  Wwl  increesed  oonsMereUy  the  hespe  of  ice  in  the 
lower  ports  of  the  river. 
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bankmcnt.  Sometimes  when  the  boats  uwjd  as  ice  breakers  can  be  em- 
ployed they  can  render  good  eervioe.  In  this  way  the  embankment  losea 
a  great  part  of  its  Bupport  and  diajoints  iteelf  by  the  movement  of  the 
water.  In  making  the  meet  resisting  parts  diqoint  by  heavy  ohaigee, 
dynamite  in  preference,  the  whole  mass  sets  itself  sooner  or  later  in 
movement  and  is  cleared  by  the  current. 

To  clear,  the  Beneden  Waal,  two  (letachtnents  were  «eiit  of!  on  the  6*^ 
of  February  1891,  occupied  at  that  moment  at  tho  clearin*;  of  the  Nifiiwe 
Merwode;  tho  two  detachments  were  composed  of  1  otliocr  aivl  twenty 
men  each.  Meanwiiile  one  of  the  detachments  sprung  ou  the  7"'  ^  minea 
(of  10  kilos  of  dynamits  and  20  kilos  of  powder)  in  the  embankment 
near  Loevestein,  where  two  ice-breakers  arrived  in  the  aftemooo. 

The  Niettwe  and  Boven  Merwede  were  then  cleared  and  open  to  navi- 
gation and  one  of  the  boats  conveyed  the  second  dettu  Innent. 

A  decision  was  taken  on  the  8"^  of  that  month  that  the  detachmenta 
would  attempt  to  break  the  ieo  bpfrinning  from  the  two  shores  while  the 
ice-breakers  would  work  in  the  nainc  time.  The  detacliments  would  have 
to  go  gradually  higher  up  along  the  sliores.  In  this  way  the  rupture  of  the 
embankment  soon  took  place.  One  of  the  detachments  sprung  5  mines  of 
powder  of  10  and  15  kilos  and  one  of  dynamite  of  5^  kilos  and  theothw 
8  of  20  kilos  (these  last  were  fired  all  at  once  by  electricity).  The  mass  of 
ics  til!  then  unshakable  was  broken  and  rent  in  all  directions  of  its  down- 
stream part  tx^ginnin^'  to  move  every  where  by  the  blasting  and  by  the 
ramming  of  the  ice-breakers.  By  the  pressure  of  the  water  accumulating 
behinri  it  the  ice-bank  gave  way  and  wa-^  rapidly  carried  away  by 
the  current.  One  of  the  detarlinicuts  occupied  in  making  mines  could  not 
reach  shore  quickly  enough  and  was  carried  away  on  blocks  of  ice  and 
was  only  able  to  gain  land  one  kilometre  beneath  with  the  sled  boats  by 
an  open  diannel  in  the  ice.  The  ice-breakers  stsamed  downwards  to  find 
a  lefage  against  the  ice  carried  away  by  the  stream.  The  river  was  now 
open  nnto  the  fort  Vuren.  There  also  was  a  barrier  of  ice  and  the  detadi- 
ments  '=pn:ng  on  that  same  day  a  dosen  of  mines,  while  the  ice-breakers 
agisted.  A  vast  field  of  icp  was  cleared,  but  the  barrier  itself,  altliough 
much  rcdncer],  did  not  give  way  immediately.  The  next  day  early  in  the 
morning  it  began  to  move  and  left  tlu*  river  oj>en  untill  near  Herwijnen. 
On  the  9"*  of  February  the  detacbmenUi  went  there  to  break  the  embank- 
ment. During  the  night  the  barrier  near  Zalt-B(»nmd  floated  down  so 
that  the  Wad  was  now  open  ezoepting  at  Herwqnen.  From  the  two 
shores  16  mines  were  sprung,  (3  powder  of  10  kilos  and  8  of  dynamite 
of  7Vs  and  10  kilos  on  the  right  side)  during  which  the  ice-breakers  also 
gave  aid.  There  also  the  transparent  and  polished  ice  was  totally  crushed 
and  transformed  in  a  floating  mass  and  the  forward  banks  of  ice  destroyed. 

During  the  work  at  half  past  one  the  whole  mass  cleared  and  the  river 
clmred  r^ularly. 
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On  account  of  the  movement  of  the  ice  from  above  it  cannot  be  aaid 
with  oert^nty  that  the  clearing  just  deecribed  is  the  result  produoed  by 
the  mines  and  ice-breakexs;  but  atiU  we  think  so  if  compared  with  the 
similar  clearing^  at  Loevestein.  Nevertheless  it  is  probable  that  on  account 
of  the  loner  thaw  and  ^^u^»sequt  iitly  the  feeble  cohesion  of  the  ice,  the 
clearing  would  have  taken  place  without  the  artificial  help. 

3.  The  ice  embankments  in  the  Boven  Ryn  near  Lobitb  during  the  winter  1892/1893. 

To  work  efficaciously  at  the  clearing  of  the  Boven  Rgn  measures  were 
taken  according  to  the  experience  acquired  daring  the  proceeding  winter. 

The  thaw  set  in  on  the  13*''  of  January  after  a  continued  frost 
during  three  weeks,  a  detachment  of  3  officers  an«l  fi7  men  wn?  ^ent 
to  Lobith.  As  it  might  happen  that  embankments  wouM  iorrn  themselves 
on  the  upper  aud  lower  ends  of  the  discharge  canal  of  the  ancient  mouth 
of  the  Rhine  and  that  mines  would  have  to  be  exploded,  the  detachment 
was  divided  in  two  companies  who  remained  in  communicatton  by 
telephone. 

The  thaw  that  had  set  in  did  not  continue  as  the  fullowin^^  ni<r]it  it 
hejran  afrain  to  freeze  onntinually  Ui  the  22''"i,  then  a  regular  thaw  Ijegan. 
Tt  wa-s  already  then  found  jinuh  at  to  reduce  as  munh  as  })08sible  the 
large  embankment  ju.st  below  the  frontier  which  did  cause  a  rise  of 
water  uf  one  metre  between  Jxibith  and  liulhuysen.  The  polished  ice  had 
an  average  thickness  of  15  to  35  eentimeties  and  tl^  of  the  whole 
embankment  did  measure  1  to  5  metres. 

Orders  were  given  on  the  24"^  to  oommnice  the  clearing  and  on  that 
day  a  mine  was  sprung  at  250  metres  beneath  Km.  stone  VII.  The 
fallowing  days  tlie  emiiankment  hetwfcri  Aart-Binnen  and  Km.  s^tone  VI 
WJ18  attached  viirurously.  The  number  of  mines  sprung  was  59  of  10  to 
20  kilos  of  powder  nearly  all  placed  at  metres  beneath  the  surface  of 
the  ice.  Mines  were  placed  regularly  spaced  and  normal  to  the  direction 
of  the  river  to  keep  a  lufiicient  distance  from  the  ftontieis  on  the  left 
and  also  from  the  iiMoine  works  of  the  right  nde. 

The  effects  of  some  of  the  explosions  hare  been  given  in  the  table  n. 

In  gttieval  the  openin^'^;  produced  were  of  6  to  15  metres  diameter.  In 
some  rases  fissures  of  oO  metres  were  mado.  But  to  study  the  fiwure^ 
was  found  impossible  on  account  of  the  rough  ice  formed  by  blocka  of 
ice  heaped  one  on  another  and  this  conld  not  bo  done  without  danger 
because  of  the  water  and  ice  coming  through  the  openings;  often  no 
fissure  was  seen.  Although  it  would  have  been  rational  to  space  the 
mines  according  to  the  length  of  the  fissures,  this  was  not  possible  fortiie 
above  said  reasons.  Nevertheless  these  were  placed  as  regularly  as  could 
be  and  even  between  the  lines  some  extra  ones  were  added  where  blocks 
of  ice  had  heaped  one  on  another. 
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On  account  of  these  difficulties  and  an  only  a  part  of  the  detaelimetit 
could  work  the  gmtest  number  of  mines  fired  In  one  day  woe  but  23. 

On  the  2Sf^  of  January  at  6  o'clock  in  the  morning,  the  ice  before 
Lobith  (Tolkamer)  moved  when  the  gauge  marked  12.88  mMres  +  A.P. 
and  after  having  caught  twi<:;e  moved  away  regularly.  At  half  past  twelve 
on  the  mme  day  the  Oude  Rynmond  began  to  clear  and  the  detachment 
was  divided. 

The  29'^  from  3  to  4'/j  o'clot^k  p.  ra.  the  ice  began  to  Hoat  hy  a  height 
of  water  14.47  -f  A.l'.;  the  30"*  it  kept  moving  from  1'/^  till  2'/a  o'clock. 
Hie  detachments  were  on  the  alert  that  day. 

The  of  February  at  2Vs  o'clock  p.  m.  the  clearing  oommenoed  in 
reality  by  a  height  of  water  14.59  metres  +  A.P.  It  is  difficult  to  say 
to  what  extent  the  above  described  explosions  contributed  to  the  clearing. 
It  (';m  be  stated  that  the  firsst  movomf'nt  on  the  2^^'  of  .Tanuary  tliat 
took  place  from  above  Wesel  to  a  tittle  lower  down  than  NiincL'ue  took 
place  also  near  Bijland  in  a  regular  way  and  that  the  increase  of  flood 
level  disappeared  entirely  during  the  day. 

With  other  embankments  in  the  Bijlandseh  Canal  no  danger  occurred. 

c.  Ttie  way  to  clear  and  to  keep  rivers  open  during  frost 

We  can  be  more  concise  a«  to  the  clcaringe  done  to  open  or  to  keep 
open  the  rivers  during  frost;  it  is  only  during  the  winter  ls'.i2  — 18'.i;{ 
that  the  troops  of  enginecra  have  worked  to  attain  that  end.  The  circura- 
etances  under  which  the  Nieuwe  Merwede  remained  open  during  the 
period  of  fruet  and  the  plan  made  to  that  effect  have  been  described  in 
the  preoeeding  chapter. 

This  is  the  way  the  plan  was  executed : 

On  the  15"'  of  January  the  Hoaanna  and  Freya  began  to  work  at  the 
clearing,  beginning  at  the  lower  part  of  the  Nieuwe  Merwede,  mean- 
while a  detarhmont  of  one  officer  and  20  men  arrived  the  preceedinc  day 
at  Werkendam  aided  from  the  IG-''  lo  tlie  \*^*^  of  .January.  By  the  means 
of  22  mines  of  12'/,o  kilos  of  powder  the  gup  made  by  the  steamers  was 
enlarged  and  the  large  blocks  of  ice  floated  down  the  river  or  were 
blasted  when  necessary. 

On  the  Id^  the  work  ceased  the  upper  entrance  being  open ;  blocks  of 
ioe  were  only  remMning  heaped  up  on  the  sandbanks. 

B.  MsBiS  to  maks  uni  sxplsde  tbs  aiinss;  the  IKtiig  avt  of  tks  dstaeknaiits. 

To  be  able  to  judge  properly  of  (he  results  and  utility  of  artificial 
clearings  described  in  part  A,  we  tliiuk  it  neee^ary  to  give  a  tihort 
description  of: 

a.  The  way  the  mines  are  made  in  this  country; 

6.  The  necessary  equipment  of  the  detachments  and  the  way  the  work 
is  amuigod. 
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a.  Mmm  to  mln  and  •xpM«  the  mIims  (see  6gure  II). 

These  works  being  done  rarely  it  is  difficult  to  gather  information  for 
thflir  beet  exeetttkm.  Under  the  letter  A  we  liare  mentioned  the  cases 
when  it  was  found  necessary  to  explode  mines  for  clearings.  We  have 
seen  that  since  Febraoiy  1881  no  such  work  was  undertaken  daring  a 
long  period.  Therefore  the  detachments  commissioned  in  1890 — 1891  had  to 
work  arrording  to  their  own  rc«nurce8  and  ideas.  The  circumstances  during 
the  winters  1890 — 1891  an  l  1*<'J2— 1893  were  not  similar  a.s  attI!  have 
been  seen.  Therefore  it  must  not  be  concluded  tliat  the  different  ways  oi 
firing  and  making  the  mines  depended  upon  personal  conception. 
That  is  what  we  are  going  to  describe  more  amply  in  the  foUoiring  part 
of  this  paper. 

We  will  »amine  the  kind  of  mines  which  have  been  used.  As  we  have 
already  seen  powder  has  been  as  much  employtd  dynamite.  The  first 
is  pnwdfr  cnUrd  n'\  1  or  2  in  <rrain*«  of  1.0]  to  2.24  and  0.61  to  1.01 
millimetres ;  the  second  is  the  kieselearth,  containing  about  75  %  of 
nitroglycerine. 

The  charges  of  powder  w«e  contained  in  stone  bottles,  in  tin  boxes, 
barrds  or  small  boxee  hermetically  closed.  (1)  As  to  the  charges  of  dyna- 
mite they  were  generally  used  as  they  are  found  in  trade  (in  cardboard 
boxes)  containing  2Vs  kilos.  Sometimes  these  were  wrapped  up  in  oildoth, 
for  instance  when  they  had  to  remain  for  some  time  under  water. 

The  mines  were  fired  by  electricity  or  in  the  upnal  manner.  The 
equipment  of  the  detachments  allowed  both  ways  to  be  used. 

For  th(3  usual  manner  the  Bickfokd  mat<  )i  was  empl(»yed.  This  ooa- 
sists  in  a  waterproof  envelope  containing  line  powder  burning  at  the 
epeed  of  one  centimetre  per  second.  This  was  simply  attached  to  the 
char^  passing  through  the  cork  that  shut  the  boxes  or  bottles. 

As  to  the  charges  of  dynamite  the  trail  has  at  its  end  a  cap  r  ui twi- 
ning 1  gram  of  fulminate  of  mercury.  This  cap  lights  a  sort  of  cartridge 
(figure  6)  consisting:  of  a  small  box  in  tin  containing  fulmi-cotton-dyna- 
mite.  Sometimes  the  cap  and  f  artrid^:!,  were  packed  together  in  oilcloth 
attached  to  the  end  of  the  iruu,  all  closely  shut  by  paste.  The  length 
of  the  trail  should  enable  to  keep  a  distance  of  100  to  ISO  metres.  In 
places  where  no  ice  was  heaped  under  the  sur&ee  ice  and  where  mines 
were  easily  placed,  the  trail  was  lighted  beforehand  and  in  that  case  a 
trail  of  IVi  metres  was  sufTicienti  in  other  cases  the  length  was  of  about 
3'/2  mttrc!?.  Often  two  initiop  were  fired  at  once  in  taking  trails  of  the 
same  length.  In  that  way  the  effect  is  greater. 

To  fire  the  mines  by  electricity  the  exploder  Siemens  and  Halsks 
was  used  with  isolated  cables. 


<  n  As  for  waterproof  the  tin  boxes  are  the  best  cnTclopea.  They  salTcr  also  less  in 
being  con««y«d,  while  stone  bottles  broke  or  amcked  often. 
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The  oondiieting  cables  am  attached  to  tiie  eartridgeB  primed  fat  |K»wder 
or  dyDAmlte  (see  figuies  4  and  5)  these  were  placed  in  the  charges  and  if 
the  dynamite  waa  frozen  a  cartridge  of  fulmi  cotton  waa  annexed.  The 
waterproof  Keuling  and  Isolation  are  made  by  paste  aud  oilcloth.  By  the 
means  of  t>lei-trieity  2  or  more  rninee  were  exploded  at  the  same  time  by  a 
Combinati<in  in  form  of  chaplet. 

Other  ways  of  uniting  the  mines  caus '<!  refusals. 

The  engraving  I  represents  a  charge  of  powder  under  a  email  ci  ust  of  i*  e. 
The  stono  bottle  is  fixed  by  a  string  to  a  lath  on  the  ice  and  sinks  in 
the  water  by  its  own  weight.  A  Biekford  trail  of  1.25  m.  haa  to  fire  the 
charge. 

The  mine  lepreamted  by  the  mgraving  3  waa  move  dfficult  to  place  on 

account  of  the  ice  moving  underneath.  The  tin  box  fixed  to  a  (tosh  in 
wood  had  to  be  driven  in  although  a  heavier  weight  had  been  given  by 
ballast.  The  trail  is  tia;htly  bound  by  wire  to  the  opening  of  the  charge 
in  the  box,  the  \vaterj>r(>of  sealitig  having  letm  clmuce  of  breakinfr-  A!ho 
the  end  of  the  fuse  2',i  metres  long  is  only  loosely  bound  to  the  lath  so 
that  it  should  not  break.  It  ia  lighted  only  when  the  mine  is  placed. 

The  mine  of  engraving  8  is  composed  of4boixeaofdynamite,  tied  together 
to  a  orass  of  wood.  These  are  fired  by  electricity  aa  represented  by  engraving  7^ 
the  conducting  cablee  being  attached  to  the  lath.  Toplacethediargsaahole 
of  60  to  100  centimetres  is  made;  a  larger  opening  has  its  inconveniencM 
as  it  render*?  it  more  dillieult  to  fix  the  charge  and  also  on  account  ot 
the  water  easily  forciii':  it«  way  tlirnuph  the  openinpr.  When  the  thickness 
of  the  ice  is  small,  the  holes  wcr*'  made  with  hatcliuta  or  with  a  cartridge 
of  80  grams  of  dynamite.  At  places  where  heaps  of  ice  exist  2  or  sevenU 
cartridges  of  dynamite  are  wanted.  In  1891  charges  of  about  >/2  kilo  were 
used  with  success.  These  charges  wwe  simply  placed  on  the  ice. 

b.  Fores  aad  oanpotal  of  the  detachments,  sqoipaisota  aid  rsgolation 

of  the  works 

In  general  the  detachments  were  composed  of: 

1  officer  (lieutenant),  4  underofficers,  4  corporals,  12  soldiers  (I)  Such  a 
divipion  had  an  equipment  is  described  in  table  I  and  could  di8|)09e 
of  boat-sledpeB  (2  to  1 )  manued  by  experienceti  boatmen,  (two  per  boat). 
The  clearing  was  done  under  the  direction  of  the  respective  eovernnieut 
cugiueers;  the  regulations  were  drawn  for  each  detachment  by  u,n  engineer 
and  inspector  of  the  Waterstaat  and  the  officer.  The  men  were  employed 
according  to  local  ciicamstances.  The  regulatjpn  followed  during  the 
clearing  of  the  Boven  and  Nieuwe  Merwede  in  January  1893,  was  success- 


(1)  When  th«  Importaaee  of  the  «n>rln  made  it  neeeaaary  the  nuinlMr  wu  aiore 
impnrtrtnt  ni  "oxrrix}  detarhments  worked  together  (LoUth  180B  and  Nfeowe  Uerwede 

and  Waal  lodl). 
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All.  We  take  the  foUowii^  notes  from  the  report  made  by  the  commander 
of  the  detachment: 

,.When  no  particular  circam&tance  interfered,  2  underoffioers  and 
„2  corporals  with  4  to  S  men,  remained  near  the  store  house.  This 
„gang  madn  pHrchnFes  and  neces-'parv  cnnvcvaiiccs  also  pn^pared  the 
„oharge8  ior  the  following  dav.  One  of  the  corporals  was  eflpecially 
„de8igned  as  storekeeper.  A  gang  of  2  undorolhcers,  2  corporals,  3  or 
„4  iddiers  of  the  Sn^neer  eorpe  and  6  to  8  boatmen  were  ordered 
„off  to  work  on  the  ice  in  those  cases. 

„To  have  no  d^y  in  the  works  all  was  done  not  to  have  to 
„Tetnrn  to  the  store  hou^e  during  the  day ;  to  enable  this  60  to  70 
„charge8  wero  ronveyed  by  two  ledge-boats.  The  S*^**  boat  was  used 
,,for  the  stores  wliilw  the  fourth  was  ufed  to  keep  commtinicatinn 
,,with  thp  ice-breakerB  and  tho  shore,  also  lo  s^urvcv  the  places  where 
„the  ice  was  strong  enough  to  bear  and  exauiuie  the  openings  made 
„by  the  explodons. 

„Two  gangs  of  2  to  4  men  each  were  genetally  at  work  armed 
,,wifh  hatchets  and  pickaxes  to  make  the  holes  and  fix  the  charges. 
„If  the  ice  was  too  hard  1  to  3  cartridges  of  dynamite  were  employ«d. 

„Meanwhile  one  of  the  two  boate  carrying  the  stores  was  used  to 
nplace  a  charge  near  each  C)])ening.  Two  panps  of  one  or  two  men 
, , prepared   and    fired  the  loiius.    riie  ottier  BoMitrs  were  divided 
„according  to  necessity  among  tiie  dilferent  boats". 
With  embankments  of  minor  importance  and  when  the  etowing  might 
eventually  take  place  during  the  work,  causing  the  men  to  be  displaced 
at  long  distances  durin*  the  same  day,  quite  another  method  must  be 
followed.  In  1891  the  detachment  on  the  Waal  had  at  its  disposal  se  t  n 
carts,  one  of  which  served  as  niolnle  store  house;  the  charges  were  placed 
near  the  place  where  the  men  were  at  work  The  state  of  the  ice  and  the 
certainty  that  it  w<nil(l  soon  ^'iveway  obliged  the  men  to  remain  near  the 
boats,  and  it  was  found  prudent  not  to  load  them  with  more  than  6 
charges  at  a  time,  it  being  possible  to  take  a  firesh  kiad  from  shore.  Saeh 
boat  had  one  underofficer,  1  corporal,  and  one  or  two  soldieis  of  the 
engineer  troops  with  two  experienced  boatmen.  It  is  useless  to  say  that 
these  boatmen  are  of  the  greatest  utility.  When  the  clearing  begins  while 
the  men  are  on  the  ice  and  the  retreat  to  the  shore  is  cut  off  by  a  river  floating 
itnpetuonslv  with  ice  (this  took  place  on  the  Wnal  near  T^opvestein)  it 
would  be  imp(>Hsit>le  to  save  the  soldiers  without  the  aid  of  the  boatmen. 

C  CoisMsrations  oi  tbe  results  obtaiaed;  costs. 

The  results  obtained  in  1891  and  1803  will  be  more  amply  detailed  in 

chapter  VI,  therefore  we  will  simply  resume  the  effects  of  the  means 
employed.  Under  letter  A  we  have  mentioned  the  lesults  of  the  works 
undertaken  by  the  detachmmts. 
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As  to  the  clearing  of  ict-l'anks!  it  was  prove<l  that  during  the  winter 
1S90 — 1891  the  help  of  the  miuen  to  aid  the  ice  breakers  was?  inpigniliaint 
(see  chapter  IV,  sub  A  2)  this  can  be  said  of  the  work  uadertakeu  both 
on  the  Hollandsch  Diep  and  on  th«  Ldc. 

In  general  the  great  thickness  of  the  ice  obliged  the  mines  to  be 
placed  nearer  to  one  another  (that  is  at  a  distance  of  about  25  metres) 
to  enable  the  boats  to  break  through  from  one  opening  to  tlic  nthtr.  The 
ice-floes  don't  float  away  regularly  unless  a  large  breach  is  made,  to 
do  this  a  preat  number  of  mine''  would  hrivn  to  l)e  exploded. 

For  iiKSt'ince  to  open  the  HoUanilscli  Diep  and  Nieuwe  Merwede  on  a 
width  of  at  least  200  to  250  metres  on  a  length  of  KXK)  metres  •520  to 
360  mines  had  to  be  fired.  It  can  lie  understood  that  under  the  most 
fiLVoursble  oiroumstances  only  40  mines  coald  be  pbued  per  day.  In  that 
way  it  was  impoesible  that  the  detachments  would  have  sufficient  advance 
on  the  boats. 

More  men  on  one  point  would  not  have  given  better  results.  It  would 
have  been  possible  by  exception  to  let  two  detachments  of  a  total  strenght 
of  -iO  men  work  in  the  eanip  Hpction  of  the  river  of  a  lpnfj;th  of  one 
kilometre,  thereby  firing  80  l)la>ts  a  day  at  the  utmost.  On  the  Lek  the 
circumstances  were  more  favourable  but  .«?till  many  dilliculties  were 
encountered,  wherefore  it  was  decided  to  stop  the  blasting  operations. 

The  work  on  the  Boven  Merwede  and  the  Waal  during  the  winter 
1892—1898  had  better  results.  The  ice  being  less  thick  and  the  boats 
having  ploughs  the  detachments  did  not  meet  with  so  manydifficultleeas 
two  years  before;  by  the  experience  acquired  in  1891  the  preliminary 
arrangements  were  better.  The  rapid  progress  in  the  clearings  was  the  r^ult 
alfo  of  the  small  width  that  had  to  he  piven  to  the  rhannel  on  account 
of  the  low  wattT  (lod  to  160  metres).  But  this  must  not  lie  coiir^idered  a.s 
an  advantage  an  with  such  a  width  the  clcarijig  of  the  ice  from  above  is 
not  assured.  The  greatest  number  of  mines  exploded  on  one  day  was  5U. 
As  in  general  only  2  or  three  mines  in  one  Airrow  had  to  be  used,  and  as 
the  funows  could  be  spaced  at  from  25  to  75  metres,  oonsideiing  further 
that  in  certain  places  the  boats  did  not  want  the  help  of  the  miners  it  is 
to  be  understood  that  the  work  advanced  rapidly  As  to  the  results  obtained 
during  tlic  last  winter  these  were  generally  satisfactory. 

We  read  in  the  report  of  the  winter  1890—1891,  paf^c  70:  „The 
„brcakin^  down  of  ice  eniliankment.s  geems  to  be  reserved  s]>e(ially  to 
„minera' .  In  the  rej)ort  of  1892 — ^1893  page  70  we  note  the  following 
words :  „the  greatest  services  rendered  by  the  troops  of  Engineers  are  the 
„mptUTe  of  heaps  of  ice  and  the  enlarging  of  the  gaps  made  by  the  steamboats 
„acros8  shalbw  parts  where  these  could  not  reach ;  and  ftkither  at  the  page  94 : 

„Al80  that  what  hss  happened  when  clearing  the  embankment  in  the 
„Lek  near  Nieuwpoort)  shows  that  exploding  mines  is  successful  for  small 
nembankments". 
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Th«  ledudng  of  the  great  barriers  near  Zalk  1891  and  Lobith  189S  did 
not  ramlt  in  a  regular  clearing  immediately  as  will  already  have  been  seen 
by  the  description  made  bnt  still  it  aeeme  that  the  mines  exploded  ^d 

favour  the  clearing. 

Wo  will  now  examine  the  observationB  made  upon  the  use  of  explo- 
sives and  the  meaos  of  firii^  these. 

Powder  aid  dysBMito. 

If  before  1891  powder  was  generally  used  it  was  un  account  of  the 
small  effects  of  the  dynamite  and  of  the  difficulty  to  explode  it  but  still 
the  last  years  experience  has  changed  this  opinion. 

The  inconvenience  of  the  greater  difficulty  to  explode  dynamite  iflover> 
come  by  the  detonator.?  of  gun-cottcm  which  fire  it  even  when  frosen  and 
there  above  dynamite  has  the  advantages  of  not  being  hurt  by  its  exposure 
in  the  water  while  powrlor  ht  pomoH  oftpn  useless. 

This  siiiiplifiL's  vi-rv  much  the  oniiilnynient  of  dynamite  which  demands 
much  less  time  ad  it  can  he  used  us  it  is  jjacl^ed  hy  the  makers  (card  boxes). 
Powder  necessitates  packing  in  waterproof  covens  and  this  demands  more 
conveyance  of  material. 

The  efieet  must  be  the  principal  motive  to  determine  the  choice.  Diffe- 
rent circumstances  have  on  this  account  more  or  less  influence:  the 
thickness  of  the  ice,  presence  of  ice  underneath  the  usual  above  ice;  depth 
of  water,  state  of  the  ice  since  the  preceding  explosions  and  also  the 
width  of  the  opening  through  which  the  charge  has  to  be  parsed.  Thi? 
renders  a  comparison  very  difficult  (see  table  II).  In  general  after  the 
work  done  during  the  year  1891  the  opinoa  was  that  mines  of  powder 
bad  more  effect  on  ice  embankments  than  a  corresponding  quantity  of 
dynamite  espeotally  in  produdng  fissures.  This  is  explained  by  the  more 
rapid  explosion  of  the  dynamite;  a  rapid  shock  a^ptatcs  the  wato*  lees, 
than  a  long  shock  although  lees  violent  The  gasees  produced  by  an  explo> 
sion  of  dynamite  are  more  rapidly  absorbed  by  water  (that  is  the  reasmi 
of  the  charges  of  dynamite  being  placed  less  deep  in  tiie  water  than  those 
of  powder).  We  read  in  the  report  made  by  the  commanding  officer  of  the 
detachment  who  took  part  in  the  clearing  of  the  Boven  Merwede: 

^Charges  of  powder  and  dynamite  were  alternately  employed  on  ao- 
^yoount  of  the  difficult  conveyance  of  sufficient  powder  for  the  whole  day. 
„According  to  statements  made  no  practical  difference  is  rsmarked  in  the 
nproduction  of  openings  or  fissures  between  charges  of  127e  kilos  of  pow- 
„dsx  and  2  '<  kilos  of  dynamite.'* 

It  will  be  neoessar}'  to  A^itnfilnA  more  attentively  the  question  in  follow- 
ing occasions  and  also  in  consideration  of  the  upe  of  dynamite  to  blast 
solid  ice  wallf.  Ilerefore  it  seem8  to  have  been  proved  that  it  is  preferable 
to  powder  on  account  of  ila  destructive  power.  To  reduce  vast  embank* 
ments  by  making  fissureii  powder  has  often  been  used  (Zalk  1891,  Lobith  1893). 
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Firing  by  f«M  or  by  eldetHclty. 

In  general  the  Bickt'uru  match  is  preferable  to  electricity  as  it  necessitates 
leiB  ezpsnditure  of  time. 

The  placing,  the  tiansport,  tbe  oontinual  inspection,  the  cleaning  of 
extranetiea  as  weU  as  the  joining  of  wires  oanse  mndi  delay  especially 

when  the  work  has  to  be  done  by  means  of  sledge-boats.  The  exploders 
and  cables  rcstrnin  alno  the  space  of  tli«>  1)0!ils  antl  surt'er  much  by  \\f>o. 

Occasionnaily  the  firing  by  electricity  is  to  be  recommended  as  was 
priiicip:illy  the  case  in  blasting  the  great  embankment  at  Zalk  where  the 
holes  made  filled  immediately  with  ice.  When  is  these  cases  the  trails 
Bickfoid  were  employed  long  ends  were  necessary  (at  lesst  as  long  as  the 
charge  is  deep  in  the  water)  as  these  cannot  be  lighted  before  the  charges 
have  reached  thdr  necessary  depth,  by  the  long  time  the  fire  takes  before 
reaching  the  mine,  the  chances  of  moiBting  the  charge  are  enhanced  if 

the  cf>nne<'tion?  shouM  not  be  hernitticully  sealed. 

In  the  ca«e  nientictiK'd  above  tliere  was  no  danger  of  the  ice  giving 
way,  whereby  the  work  was  performed  in  safety  without  the  necessity  of 
of  coiling  the  wires  every  time  they  had  to  be  shifted  as  the  men  could 
freely  leave  the  hoats. 

In  case  of  imminent  peril  by  the  embankmenta  on  account  of  the  high 
pressure  of  wat<  r  which  case  however  did  not  occur  of  late  it  might  be 
desirable  to  use  the  electric  exploder  from  the  diore  so  that  the  men  can 
get  clear  of  danger  before  the  explosion.  This  way  can  alpo  bo  advantageous 
to  fire  different  mineB  at  the  same  moment  which  can  produce  goo<l  effects 
in  the  cases  of  embanknieats. 

It  will  thus  always  be  preferable  before  choosing  to  consult  the  circum- 
stanoea. 

As  to  the  expenses  of  the  blastii^,  which  is  of  course  the  main  factor, 

we  will  mention  that  during  the  winter  1800—91  297  mines  were  fired 
for  which  594  k"".  of  dynamite  and  3o31  k"».  of  powder  were  used.  The 
expenses  with  the  cn=ts  of  lighting  material  were  6CKX)  fl.  The  t^tal  pxjwnpcs, 
material  and  salaries  amounted  to  11.  13000.  In  thif?  sum  the  costs  of  i  .m- 
veyancc  by  railway  and  the  expenses  of  the  oflicers  are  not  included, 
Uiese  can  be  estimatMl  at  fl.  ISOO. 
The  ooet  per  mine  ayeraged  fl.  51.50. 

Uuring  the  winter  1892—1893  489  mines  were  filed  for  which  417 

k**'.  of  dynamite  and  5G23  k".  ct  powder  were  used.  The  expenses  with 

the  costs  of  lighting  material  were  about  7000  fl.  The  total  expenses 
amounted  to  fl.  ltj'.)40  and  the  costs  of  conveyance  by  railway  etc.  estimated 
at  SL  2000  would  make  eaeli  iiaue  cost  in  average  about  tl.  43. 

6ENERAU  CONSIOEBATIONS. 

If  the  results  acquired  by  experience  during  the  different  attempts  to 
accelerate  the  clearing  are  well  considered,  it  will  be  seen  that  the  great 
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difSculty  fesideB  in  the  blasting  of  embonkmenta  and  that  thia  work  is 

of  high  importanoe. 

In  the  lower  parte  of  rivers  the  tides  an  liie  m<»t  penisting  cause  of 
the  formitif^  of  ice  embankmentH ;  btit  these  accumnlationf;  are  formed  also 
in  the  up})(T  parts  of  rivcrn  and  here  as  well  as  in  the  lower  parts  by 
preferem^e  where  the  river  hm  au  irregular  course. 

Thus  to  regulate  the  rivers  would  most  certainly  be  the  beat  means  to 
reduce  in  fntnre  the  artificial  cleannga. 

If  the  ice-field  is  comiwst  d  of  bard  ice  of  20  centimetres  thick,  under 
which  occasionally  layers  of  ice  are  found  of  50  to  80  centimetres,  it  will 
not  be  necessary  to  have  recourse  to  mining,  the  boats  usi'd  a.«  ice-breakers 
will  sullioe.  But  if  the  upper  ice  is  thicker  and  the  ice  uiubrnc-ath 
accumulates  more  and  more  the  work  will  be  quicker  done  by  the  aid 
of  mining.  Thm  laat  method  w31  have  to  be  praotiBod  exdneively  if  th<^ 
ice-breakers  cannot  reach  the  embankments. 

As  to  the  work  being  done  by  ioe-breaken,  it  must  be  abandoned  if 
the  steamboats  are  not  specially  constructed  for  this  work.  The  use  of 
others  does  not  only  binder  the  work  but  provokes  coats  of  repairs  ezces- 
sively  high. 

As  has  been  shown  here  above  the  expenses  amounted  during  the  winter 

1890-  yi  to  11.  AOm  and  in  1892—1893  to  &.  29300. 

It  is  preferable  to  commence  work  only  when  a  continued  tbaw  bas 
set  in.  Occasionally  circumetanoes  may  render  deeirable  to  begin  working 
before  the  frost  has  ceased,  this  was  the  case  during  the  winter  of 

1891—  1892. 

The  work  must  take  place  only  against  stream;  in  the  tidal  parts 
of  the  rivers  during  ebb.  The  loosed  ice  can  then  float  downwards  which 
is  indispensable  for  the  ice-breakers  to  avoid  damage  to  the  rudder,  screw 
or  paddles. 

Nigbt  work  is  impossible  even  with  electric  light  as  one  cannot  survey 
the  whole  situation. 

The  electric  light  on  board  of  the  ice-breakers  is  only  to  be  used  in 
case  of  distress. 

One  ice-breaker  mtist  never  work  separately,  two  or  three  must  work 
together.  If  the  ice  is  rather  thick  an  ice-breaker  in  working  alone  finishes 
in  being  unable  to  clear  iUjtU'  as  the  ice-floes  along  the  sides  of  the  steamer 
cannot  always  tind  an  issue,  and  continual  delays  are  the  consequence.  If 
two  or  three  steamboats  work  together  the  breach  made  by  the  first 
can  be  enlarged  by  the  one  following  and  in  that  way  the  ice  can  float 
away. 

It  is  also  necessary  that  at  least  two  boats  work  together  a^  one  vezy 
often  penetrates  too  far  to  return  or  gets  aground  in  shallow  water. 
Xn  the  part  of  the  river  where  it  is  intended  to  clear  the  ice,  the 
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Hoatiiig  ice  mmi  be  prevented  from  forming  a  compact  niatisi  that  work 
miiBt  be  done  daily  on  the  whole  width  of  the  livw  as  fiv  as  the  dqrth 
of  wator  wUl  allow.  The  eteamboata  with  the  gnateat  diaught  shoald 
lead  in  the  channel  of  the  stream,  the  smaller  craft  following  to  enlarge 
the  opening  as  much  as  possible. 

As  soon  as  the  part  of  the  river  where  the  ice  is  broken  is  open  on 
its  whole  width  as  far  as  can  be,  it  must  not  be  neglected  to  make  the 
steamboats  run  at  full  speed  aloii*!;  tlie  ri<lf;^c  of  linn  ice  several  times 
and  nfi  cloBe  to  it  as  po.-^sible;  in  tbi.s  way  li^;sure.s  are  made  in  the  ice 
still  attached  to  the  sliore  and  aa  a  rule  large  iloe8  will  bteak  loose  and 
float  away. 

Also  each  day  at  least  two  ioe-breaken  sboold  ran  in  all  directions 
throngh  the  open  part  from  the  pomt  where  the  work  started  to  the 
ridgo  of  firm  ice,  in  order  that  the  ice  floes  drift  away  without  heaping 
up  anywlMre. 

Thi?  way  of  workinf»  necessitates  at  least  five  ice-breakers  for  the 
clearing  of  a  rivt^r  until  the  wnrk  is  so  far  advanced  that  two  Bteainboats 
cannot  run  up  and  down  in  one  day  the  part  of  the  rivur  that  has  been 
cleared.  Then  the  number  of  ice-breakers  musst  be  increased. 

The  w(ffk  should  he  conducted  in  such  a  way  that  the  steamboats  may 
pass  the  night  at  safe  mowings.  In  leaving  these  boats  in  the  middle  of 
the  river  during  the  night  they  are  exposed  to  great  danger  and  great 
damage  in  case  of  an  unexpected  breaking  up  of  \he  ice. 

Concerning  the  question  if  the  steamboats  with  paddles  or  screw  are 
preferable  it  can  bo  remarked  that  the  movement  produced  in  the  water 
by  the  paddles  is  favourable  for  the  rupture  of  the  ice  round  about  Init 
on  account  of  their  great  width  paddle-steumer©  advance  with  great 
difficulty  in  tirm  ice  and  have  to  struggle  harder  to  get  clear  of  ii. 
Considering  that  the  screw  steamboats  also  move  the  water  heavily  and 
that  the  screws  if  well  and  sbrongiy  made  in  cast  steel  and  of  appropriated 
form  are  less  exposed  to  be  damaged,  the  preference  will  be  given  to 
these  steamboats 

As  to  the  work  done  by  blasting  we  will  still  mention  what  follows: 

We  have  8een  tliat  if  intended  to  prepare  the  way  for  the  ice-breakers 
the  mines  should  be  sufticieiitly  spaced,  to  keep  wel  ahead  of  the  ice- 
breakers when  clearing  the  lower  part  of  a  river. 

If  thia  condition  can  be  fulfilled  the  results  to  be  expected  in  future 
depend  mainly  on  the  good  construction  <it  the  ioe*breaker. 

From  the  expnience  acquired  in  preceding  winters  we  draw  the  con- 
clusion that  the  use  of  exploding  misum  can  only  be  recommended  when 
on  a  distance  of  one  kilometre.  40  to  50  mines  can  be  exploded  per  day 
and  when  spaced  at  a  distance  of  7'»  metres  in  averacfe. 

It  is  true  that  in  these  case's  the  tispuren  will  not  meet  but  the  ed'ect 
produced  will  always  greatly  contribute  to  the  progress  of  the  steamboats. 
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If  during  the  froii  sufficient  pfepontions  have  he«i  made  to  enable 

work  to  begin  immediatoly  at  the  beginning  of  the  thaw  it  will 
undoubtedly  be  possible  to  fire  40  to  50  mines  per  day  with  a  detach- 
ment of  20  men.  A  corps  of  3  officers  and  67  men,  such  as  has  been 
ordered  in  1803  to  work  in  the  Roveii  liijn,  should  be  able  to  make 
openings  on  a  distance  of  6  kilometers  and  a  width  of  200  to  250  metres 
daily,  that  is  a  distance  twice  as  long  aa  oonld  be  cleared  daily 
in  18dS  on  the  Boven  Mnwede  and  the  Waal  under  fiurly  fimufable 
circumstances. 

If  in  foUou  ing  the  above  method,  the  strength  of  the  ice-lir>  akera  mi|^t 
prove  insufficient,  the  conclusion  that  mines  used  in  those  oiroumstances 
are  uaeloss  would  be  according  to  onr  idea,  quite  true. 

We  believe  llmt  we  can  express  with  more  certainty  a  jui^frment  upon 
the  use  of  explosives  for  ice  of  little  thicknesa.  The  cleanug  of  the  Boven 
Merwede  dewgribed  ineoedingly  has  proved  that  if  the  work  is  done 
with  tact,  favorable  results  can  be  obtained  evMi  with  the  actual  reaouroes. 
A  greater  success  can  be  predicted  when  special  constructed  ice-breskeis 
will  be  used. 

It  has  been  proved  more  than  onr^e  that  blasting  i)]>er;i  lions  to  destroy 
partially  thf  barriers  arc  possible  and  favorable  to  clearings.  To  what 
extent  the  utility  is  jiroportioned  to  the  expense  and  danger  cannot  1k» 
said  but  the  utility  can  still  be  admitted.  i\oither  la  it  possible  to  predict 
what  would  have  happened  if  blasting  had  not  been  had  recourse  to, 
or  wether  it  will  prove  to  be  of  much  use  in  very  serious  esses.  We 
donot  expect  much  from  it  when  the  ice  in  the  upper  rivers  breaks  up 
in  time  of  flood,  the  rapid  rising  of  the  water  occasioning  the  formation 
of  ice-bankf  every  whore  and  threateninfr  to  burst  tho  dikes.  It  would 
however  not  be  fair  to  judge  the  merit.-?  of  the  system  by  such  circum- 
st^auce.-.  which  happily  recur  only  very  rarely. 

We  beliovo  therefore  lliat  it  is  desirable  to  continue  with  the  blasting 
of  ice-banks,  as  only  a  longer  practice  and  car^  observations  will  show 
the  way  for  fhrther  improvements. 

Hie  men  employed  for  these  works  should  be  sent  in  time  on  the  spot 
of  action  to  enable  them  to  examine  the  local  conditions,  study  the  river, 
and  if  norpspary  to  prepare  worksliops  and  store  hrni«sc?.  It  is  essential 
to  provide  in  good  timn  nicai..^  of  conveyance  for  tlie  explosives  and  it 
would  be  desirable  to  construct  nmall  storehouses  on  the  points  where 
embankments  usually  are  formed  and  where  artificial  clearances  often 
have  to  be  performed  (Nieuwe  Merwede)  if  the  pohits  are  not  handy 
to  get  at. 

As  regards  the  expenses  of  bla'^ting  operations  we  still  remark  that 
though  it  may  be  possible  to  reduce  the  costs  involved  by  the  uce  of 
ice-breaker?  by  a  inorp  appropriate  eonstructioni  this  will  not  be  the 
case  with  those  caused  by  the  blasting. 
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Some  economy  may  hv  attainefi  hy  clu-aper  }}laiit  and  materials  hut 
the  general  expeust^  oi  salaries,  wagee  and  explosives  will  become  larger 
bj  the  way  of  working  we  have  recommended. 

The  Mowing  noleB  can  be  bUU  added. 

If  the  state  of  the  ice  pennits  the  works  of  artificial  clearing  to 
advance  rapidly  it  can  be  pretended  that  in  such  a  case  these  works 

are  unnecessary ;  because  in  general  the  natural  clearing  will  take  place 
without  the  interposition  of  human  aid  and  without  danger  for  the 
surrnunflinp  districts.  lint  on  awonnt  of  our  ignorance  of  complications 
that  can  take  place  it  cannot  l>e  denied  that  even  then  artificial  clearing 
might  be  useful. 

It  has  happened  ^hat  during  the  same  winter,  two  or  three  periods  of 
frost  were  intemipted  by  longer  or  shorter  periods  of  thaw.  In  these 
cases  it  seems  to  be  necessary  that  the  heaps  of  ice  in  the  lower  parts  of 
the  river  be  destroyed,  whereby  without  any  doubt  the  embankments  that 

might  be  formed  later  on  are  less  dangerous. 

If  the  barriers  of  ice  become  very  dan|rerou?5,  a«i  they  did  during 
the  winter  1890 — 18U1,  and  if  und^  r  nuch  circumstances  the  situation 
becomes  still  more  Kt  rious  by  the  ice  in  the  Rhine  in  Germany  breakin]? 
up  at  the  aioinent  of  an  great  increase  of  water  while  here  the  rivers 
are  still  frozen  over,  it  can  certainly  be  said  that  ail  artificial 
clearing  althoi^h  undertaken  with  the  greatest  energy  and  every  perfection 
of  the  implements  used,  will  be  quite  helpless  to  produce  any  appreciable 
influence. 

The  history  of  the  severe  winter  seasons  in  Holland  learns  us  thatduring 
the  years  when  inundations  happened,  only  M  to  4  (la\  s  t!ifTcren*'e  existed 
between  the  first  movement  in  the  ice  of  tlic  lower  Rhine  in  Gwrinany 
from  Wesel  to  Emmerich  and  the  time  when  the  dikes  which  protect 
the  districts  above  Rhenen  and  Tiel  did  burst. 

In  those  cases  the  points  threatened  cannot  be  readied  in  good  time 
by  use^breakers  that  must  push  their  way  up  from  the  mouths  of  the 
riven.  The  use  of  explosives  will  have  but  small  utility  as  long  as  the 
ice  heaped  up  below  is  not  carried  away. 

VII.  Coaclisioi. 

The  conclusion  of  what  precedt^  is  that  one  must  not  exclude  the 
possibility  of  impeding  the  formation  of  ice  embankments  in  our  rivers 
when  the  winter  is  not  too  severe  and  to  break  the  barriers  that  will 
form  in  a  more  or  less  considerable  quantity,  but  with  severe  froet  it  will 
soon  be  seen  that  this  is  impossible. 

In  general  it  does  not  seem  to  be  desirable  to  make  attempts  of  arti- 
ficial clearings  in  the  interest  of  interior  navigation  as  the  boats  used  in 
such  navigation  will  be  unable  to  push  their  way  through  the  tloating 
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ice.  Tho  boata  of  wood  are  utterly  incapable  to  luiv^te  our  riven  when 
the  ioe  floata  in  rather  great  quantities  and  even  iron  boats  would  Boon 
he  80  damaged  as  to  be  obliged  to  run  fur  refuge.  To  modify  the  con- 
Btniction  of  these  boats  that  they  he  capable  of  resisting  j^inst  floating 

ice  would  niwt  likely  cost  too  much. 

If  the  <:lL'iiring  of  the  lar^-^c  cunals  :ind  seii  jiort^  liiis  serious  advantages 
for  sea  navigation,  the  interior  navigation  will  profit  very  little  except 
in  particukr  oireumstaiioeB  by  the  worlcs  of  artifidal  ol^aring  on  our 
riven*. 
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20  woolen  costumes;  viz.  1  under  jacket,  1  trowsew  anU  1  cravat. 
20  powder  mats  in  horse  hair. 

1  ice  saw. 

2  torchetanda. 
1  case  oontaining: 

600  metwn  Bickford  Iruil  (62i/,  coilfl). 
5    „     oil  doth. 
20  hal]8  of  paste. 
2  8hove]s. 
1  hand  saw. 
1  rrowbar. 
1  HlfUge  hainnier. 
1  hand  hammer. 
1  wimble  with  6  piercere. 
1  pair  of  pincers. 
1  hammer  (copper) 
1  turrel     (    „  ) 
1  knifo       (    „  ) 

1  (hiver     (    „    )  > 
4  kiloB  of  nnilH  2,  3  and  4  inches. 

2  sacks  of  toolri  couuiiinng  euch:  a  knil'e,  tile,  BhooTS,  pincers,  a 
rule,  a  ball  of  string,  a  ball  of  braaswire  and  2  sheets  of 
emery  paper. 

2  pots  for  boiling  pitch,  with  stove  and  trivet. 

2  measures  for  powder. 

2  boxes      id.  id. 

4  k<*»  of  string. 

2  „    „  Hax. 

r>        „  marline. 

2  lanteriiH  with  two  ^aekeUs  of  candles  for  each. 

2  small  lanterns. 

2  peel  parafine  torches. 

1  packing-needle. 

1  can  for  parafine. 

1  tape  (20  metres). 

1  signal  truni])ot. 

2  grapples  with  cordn. 

1  box  of  2W  dipa  t»f  1  gram. 

2  lK)xe8  containing  each  100  cartridges  (primers). 

1  „         „         „     iiO  detonators  (electric  for  dynamite). 

2  „         „         „    100       „      (  id.    for  powder). 

1  exploder. 

2  coils  of  500  metres  each  conducting  cable. 
1  cylinder  barrow  to  roll  the  <  ii!»le. 

20  tin  boxes,  to  contain  each  20  litres. 


coopers  tools. 
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REPORT 

upon  the  breaking  of  ice  in  the  canals  and  rivers  of  the  Nether- 
lands by  means  of  steamers  specially  fitted  with  ice-ploughS) 
furnished  by  the  Society  for  the  deyelopment  of  steam 
naTigation  in  the  Netherlands, 

BY 

0.  F.  OBAKBB, 

flMMtaiy  oi  the  8oaloty. 


Since  the  ajiplication  of  steam  to  navigation  and  the  construction  of  iron 
and  steel  vessels  efforts  have  been  made  by  means  of  steam -t)oats  to  break 
the  ice  over  a  considerable  distance ;  the  object  in  view  however  was  not  so 
miiGh  to  keep  die  navigable  way  open  or  to  clear  away  the  ice  as  to  reach 
a  destinatioii  when  aome  belated  diip  had  been  nirpriaed  by  the  frost.  Gene- 
talljr  steam-boata  are  employed  to  free  vessda  from  the  ice  when  they  have 
been  frozen  up  or  wish  to  change  their  moorings.  Aldioiigb  the  results 
obtained  by  means  of  steam-boats  that  are  not  specially  armed  are  compara- 
tively feeble,  it  has  however  seldom  ha]>j)ened  that  the  end  in  view  has  not 
been  attained.  When  the  ice  is  too  thic  k  to  be  broken  by  the  screw  or 
paddle-wheels  the  vessel  is  driven  at  full  speed  against  the  ice.  According  to 
the  power  of  the  engine  and  the  weight  of  the  vessel,  it  will  cut  more  or 
less  into  the  ice.  Two  methods  may  be  adopted,  either  the  vessel  is  left  in 
its  ordinary  oonditira  and  the  bow  is  advanced  straigfat  apunst  the  ice,  or 
die  vessel  is  ballasted  in  sudi  a  manner  that  the  bow  will  almost  rise  out  ot 

the  water. 

In  the  latter  case  the  vessel  advances  upon  and  breaks  the  ice  by  its 
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weight  It  is  impossible  to  say  which  of  these  two  systems  is  the  best,  as  it 
dl  depends  upon  the  state  of  the  vessel,  tiie  channel  and  ±e  ice.  Steam-boats 
with  very  sbaip  bows  nuke  a  crack  or  gap  in  die  ice  of  die  same  shape  as 
die  boat,  and  after  penettattng  into  the  ice  about  one  third  or  half  dieir 

lengtli  thc>  are  stuck  fast.  By  reversing  engines  or  by  driving  alternately 
ahead  and  astern  and  by  turning  the  wheels  first  one  way  and  then  the  other 
they  may  always  be  extricated. 

It  has  frequently  happened  that  having  advanced  upon  the  ice  with  the 
bows  elevated  they  have  gone  so  far  that  the  help  of  another  boat  has  been 
necessary  to  extricate  them  from  their  position.  Eiq)erienoe  has  diown  diat 
suitably  protected  vessels,  if  the  screw  is  M  a  certain  depdi  below  the  maSaee 
and  the  engine  is  fitted  with  a  resen'oir  into  whidi  the  hot  water  resulting 
from  condensation  is  collected,  by  which  means  the  ice  cannot  touch  the 
pumj)S,  can  navigate  in  the  middle  of  floating  ice  without  great  danger. 

Last  wintcT  when  a  sudden  and  severe  frost  oecured  and  the  Rhine  was 
covered  with  ice  within  two  or  three  days,  !>ieiiin.s-boats,  and  specially  strong 
tugs,  were  at  work  both  up  and  down  stream  for  several  days  upon  the  Waal, 
where  there  was  a  huge  accumulation  of  ice.  The  ice  cannot  be  broken  by 

■ 

means  of  these  boats  without  danger,  except  when  it  is  not  too  thick  and  die 

channel  admits  of  the  ice  thus  bioken  floating  tO  Ode  side  or  the  other  or  of 
being  carried  awa>   hy  the  current.  The  progress  made  during  the  frost  is 
veiy  small,  for  the  boats,  as  we  said  above,  cannot  advance*  But  when  the 
thaw  sets  in  the  results  are  far  greater. 
The  effect  on  a  bank  of  |;)ack-ice  or  an  ice-field  produced  by  vessels  not 

■  specially  armed  far  the  purpose  is  almost  ml.  Very  heavy  and  strongly  built 

boats  obtain  some  results,  but  generally  diey  are  too  slow.  In  i86k,  the  first 

I  year  in  whidi  steam-boats  were  empl<^ed  to  break  the  ice  at  the  governments 

ex|)ense,  a  comparatively  small  bank  of  pack-ice  had  formed  in  the  Dutch 
Yssel,  near  Capelle,  where  the  width  was  only  loo  to  150  m.  The  steamer 

'  Bromvfrshaven,  a  strongl\-  built   tug,   broke  up  this  mass  of  pack-ice,  but  it 

'  took  a  whole  day  to  do  it  and  was  favoured  by  the  thaw. 

During  the  winter  of  1891 — 92  the  Dutch  Government  ordered  the  removal 
of  a  bank  of  pack-ice  which  surrounded  die  piers  of  die  biid|^  of  MoMtli)k  ; 
but  the  order  was  taken  to  mean:  keep  an  open  space  around  the  piers  of 
the  bridge.  Widi  the  help  of  six  steamers,  for  die  most  part  very  stroqgly 

I  built,  and  a  company  of  engineers,  the  order  was  carried  out. 

,  It  was  clearly  proved  that  boat-s  not  specially  armed  for  the  purpose  where 

not  of  much  use.  Hy  taking  a  run  of  100  or  200  m.  the  boats  were  driven 
agaiii-^l  the  iee  .u  full  sjieed,  but  only  comparatively  thin  and  regular  ice  was 

'  much  aflcclcd ;  with  ice,  30,  40  and  50  cm.,  aa  was  here  met  with,  the  result 

was  very  small. 

The  boats  were  much  damaged  by  working  among  the  ice.  The  tug 
Gemraai  pau  der  Hdfden  was  sunk ;  the  paddle-boat  Ztehnd  was  partly  filled 
with  water;  the  bows  of  the  tug  Hoek  wn  HcUand  were  stove  in,  and  the 
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Hosanna  had  h»T  screw  broken.  The  paiidle-lxtat  WoJiin  ant!  the  screw- 
steamer  Roilodam  alone  were  uninjured.  The  first  of  these  accordinj;  to  an 
arrangement  made  with  the  Dutch  Government  was  speciall)-  l)iiilt  for  breaking 
ice.  She  is  ^ongly  built  and  armoured  and  is  fitted  with  an  engine  of  500 
hone  power.  The  RgUtriam  is  a  screw-boat  of  250  horae-pover  wlttdi  is 
nuule  to  sKde  upon  the  ioe  rather  dum  cat  into  tt 

In  die  reports  which  have  been  presented  to  the  Congreei  upon  Untsobject 
by  the  Waterstaat  Engineers  the  modus  oprrandi  will  no  doubt  be  described, 
and  it  will  be  explainetl  how  it  has  been  attempted  with  a  certain  amount  of 
success  to  break  the  ice  on  different  rivers  and  get  rid  of  masses  of  pack-ice. 
By  what  we  have  said  above  we  simply  vviih  to  show  that  by  using  ordinary 
st«iiin-boats  very  indifferent  results  are  obtained. 

In  1861  the  Government  appointed  a  oommission  to  study  the  means  to  be 
employed  to  clear  away  ioe^lds  and  pack-ioe.  At  the  request  of  this  com- 
mission Messrs.  J.  and  K.  SMrr,  ship-builders  at  Kinderdijk,  furnish  the  plans 
off  an  ice-breaker  together  with  a  report  upon  what  could  be  done  and  what 
could  not  be  done.  This  machine  was  specially  intended  for  the  clearinpj  away 
of  ice  and  was  designed  jnirely  as  an  ice-breaker.  The  bottom  was  in  the 
form  of  an  elipse,  the  two  ends  were  in  the  shape  of  an  ice-plough,  and  the 
propulsion  was  effected  by  means  of  a  wheel  in  the  centre  of  die  machine 
fixed  in  a  sort  of  hollow.  A  drawing  of  lids  madiine  may  be  found  in  jason's 
periodical,  1873,  p.  90. 

The  ptans  however  were  not  carried  into  execution,  aldiough  we  consida 
it  even  now  to  be  jierfectly  adopted  to  the  end  in  view,  provided  it  were 
modified  and  improved  according  tn  the  exjierience  acquired  during  the  last 
few  years.  An  unquestionable  advantage  consists  in  the  two  ice-ploughs,  by 
the  aid  of  which  the  efiicacity  of  the  machine  is  more  than  doubled.  If  by 

any  chance  any  injury  should  be  sustained  by  <me  of  the  two  ice-ploughs  the 
other  is  ready  to  take  its  place.  When  a  channel  diat  has  been  cut  through 
die  ice  becomes  once  more  obstructed,  there  is  no  need  to  go  about,  die 
machine  is  sfanply  made  to  go  astern. 

To  turn  an  ordinar)-  steamer  roitnd  or  make  it  go  astern  when  the  ice  is 
thick  is  always  a  matter  of  dift'icidty.  If  it  is  wished  to  scrajie  or  cut  the  edge 
of  an  ice-field  it  is  not  necc.s.sary  to  turn  round  continually,  but  the  l)oat  is 
sent  stern  first  by  reversing  the  engines.  When  the  machine  has  i>enetrated 
into  an  ice-field  it  can  dien  break  and  crack  die  ice  in  every  direction. 

In  1881  the  Biatme  Sier  sbippii^  company  of  Rotterdam  fitted  an  ice- 
ploQgh  to  a  boat  of  80  horsepower  whidi  answered  the  purpose  for  which  it 
was  intended.  The  same  company  di«i  had  an  ice-ploi^  made  and  fitted  it 
to  a  screw-steamer  of  150  horse-power.  This  apparatus  was  much  more  suc- 
cessful in  thick-ice.  The  jilough  and  the  vessel  were  strengthened  and  im- 
proved according  to  the  experience  acquired,  and  it  has  now  become  a  most 
useful  machine  and  has  rendered  most  efficient  service. 

The  plough  in  question  is  mudi  the  same  shape  as  the  sock  of  the  ploughs 
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used  in  agri<  ultiire.  It  consists  of  tw  o  socks  the  sharp  i?ules  of  which  are 
joined  togetht-r  and  form  one  point  and  the  blades  axe  tixed  to  tlie  vessels 
beid  by  two  pegs.  The  two  rides  of  ^  plough  are  strengUieiied  hy  supports 
inside. 

This  plough  is  fitted  to  die  vessel  in  a  diy-dock  or  widi  the  help  of  a 
crane.  It  is  not  only  the  construction  of  the  plough  buth  more  specially  die 
arrangement  of  the  vessel  which  render  the  ser\'ices  of  the  latter  so  efiective. 

No  part  of  the  vessel  is  straight;  it  is  rounded  aft  on  all  sides  as  much  as 
possible;  the  water-lioe  is  ^;g-shaped|  so  that  the  vessel  cannot  «sily  be 
gripped  by  die  ice. 

The  greatest  breadth  of  beam  is  further  off  than  in  most  vessels,  and  liie 
greatest  weight  is  therefore  in  the  stem.  The  head  of  the  vessel  is  strengdiencd 
in  the  interior. 

This  form  of  construction  has  the  double  advantage  of  allowing  the  ice  to 

flow  pa-st  it  without  difficulty  and  of  resistiiig  the  force  which  tends  to  drive 
the  plough  below  the  ice  when  it  is  at  work.  Moreover  the  vessel  acquires 
the  requisite  position,  the  screw  being  we!l  below  water.  The  machine  and  the 
vessel  have  been  built  entirely  from  the  plans  of  Mr.  P.  Meykr  of  Rotterdam. 

In  1889  the  shipping  firm  Van  i>er  Garden  and  Co.,  of  Capelle  on  the 
Ys8<l,  commisrioned  Messrs.  J.  and  K.  Smrr,  or  Krimpen  on  the  I^ek^  to  build 
a  screw  tug  called  the  Krbi^m  afd,  Yssel  widi  an  mgine  of  180  horse-power 
and  fitted  also  widi  an  ice-ploqgh.  The  vessel  is  on  die  ordinary  tug  roodd 
and  continually  does  duQr  as  a  tug.  The  p]ou|^  has  the  following  <finietirions: 
length  10  width  4.50  m.  and  height  a.50  m. ;  it  also  has  double  walls 
which  are  connected  above  and  below  by  pieces  of  flat-iron.  The  apparatus 
is  therefore  iierfectly  able  to  float.  The  vessel  enters  the  jjlough  from  behind; 
with  the  help  of  a  little  ballast  a  good  position  is  given  to  the  vessel  and 
the  plough  is  riveted  to  it  by  means  of  bolts  passed  tiuough  holes  provided 
for  the  purjiose.  These  floating  ploughs  have  incontestable  advantages;  they 
are  easily  moved  about  so  that  tb^  may  without  diflkulty  be  conducted  to 
places  where  they  may  be  needed  during  the  winter. 

They  can  be  riveted  to  tugs  without  trouble  and  without  the  use  of  a  diy- 
dock  or  powerful  machinery,  and  from  the  experiments  that  have  been  made 
an  hour  is  sufficient  for  the  operation ;  also  thanks  to  their  ability  to  float 
the  results  are  much  more  considerable.  The  more  resistance  the  ice  offers  the 
more  deeply  the  plough  buries  itself  and  the  greater  is  the  {iressure. 

These  ice-ploughs  may  be  made  much  larger  than  ordinary  ploughs,  because 
on  account  of  dieir  ability  to  float  the  boat  is  hardly  at  all  hampered  by  dieir 
weight.  The  ice  is  broken  fay  the  centre  of  the  plough  and  raised  as  it  were, 
so  Uiat  the  pieces  press  against  die  inclined  part  of  the  plough  and  gradually 
assume  a  vertical  position  and  finally  lall  back  upon  the  ice  alongside  the 

channel. 

in  this  manner  the  ice-ploughs  leave  behind  them  a  channel  that  h  almost 
entirely  free  from  ice.  At  a  race  which  took  place  by  chance  from  Rotterdam 
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to  Kralingen  through  very  thick  ice  between  the  ice-ploughs  of  the  Blauwe 
S/rr  and  the  VAX  nKR  Garden  companies,  they  both  gave  proof  of  the  same 
tki^r-e  of  power.  Recently  some  other  steam  boats  ha\e  been  fitted  with 
similar  Hoating  ice-ploughs,  among  others  the  paddle-boat  Wedan,  which  has 
beoome  a  mort  edeetive  ke^lmaker,  snd  die  flerew-boats  KHmpeu  afd  Lek 
and  FertUs^  The  differenoe  in  the  power  of  a  boat  witiiout  the  ice-p1oii|^  is 
beyond  dl  comparison.  We  might  mention  as  a  strikiog  proof  of  dus  that 
during  the  winter  of  1S90 — 91  die  Waterstaat  attempted  with  die  aid  of  three 
ix>werful  tugs,  the  paddle-boat  Afaass/uis  and  the  screw  boats  Cchyttfl.  and 
Dim  rhmn/,  to  clear  the  ice  from  the  I.ek.  Thest»  boats  which  were  not  fitted 
with  any  particular  ajiparatiis  only  ad\^m  eti  ven  slowly.  A  small  screw-boat 
having  at  the  most  180  horse-power  and  provided  with  a  floating  ice-plough 
advanced  through  the  ice  without  difficulty,  passed  the  steamen  belonging  to 
die  State  and  worked  on  ahead  of  diem.  WidKMit  mudi  difficultjr  it  opened  up 
a  channel  for  a  ooiuiderable  distance  and  cradted  the  ice-field  in  many 
directions. 

During  the  winters  1S90 — 91  and  iS<;i-  92  the  two  ice-l)reakers  mentioned 
above,  Krimpen  aid  Lek  and  Ysplotg^  worked  successfully  in  difierent  places 
and  under  different  circumstances. 

In  many  places  ice  nearly  40  cm.  thick  was  broken.  Through  ice  20  to 
a5  cm.  diick  a  speed  of  j  or  4  knots  could  be  kept  up.  The  Krimpen  ajd 
Lek  worlced  at  Amsterdam  durii^  the  winter  of  1892-^3  and  widiout  any 
intecnqitioa  kept  die  Y  open  to  navigation  for  19  days,  both  in  and  round 
about  the  basin  and  in  the  Handelskade,  generally  returning  to  Ymuiden  in 
the  evening  through  the  North  Sea  Canal.  The  srrew-tug.  Y<:phr;^  in  1891 
o[)enefl  a  channel  from  Rotterdam  to  .\m.sterdam,  a  distance  01  about  73  km., 
and  took  only  a  day  and  a  half  to  do  it. 

Besides  these  ice-ploughs  there  are  now  other  ice-breakers  in  the  Netherlands, 
that  is  to  say  those  of  the  North  Sea  Canal.  They  bdong  to  a  company 
which  undertakes  to  keq>  this  canal  open  as  well  as  the  s^proaches  to  difie- 
rent commercial  establishments  in  Amsterdam.  Hie  two  ice-breakers,  one 
large  and  the  other  small,  were  built  at  Stettin  in  1893  on  the  modd  of  the 
ice-l)reaker<?  emjiloyed  in  North  Germany  in  the  mouths  of  various  rivers. 
'I'heir  method  of  working  is  to  mount  upon  the  ice.  wliirh  gives  way  under  the 
weight  of  the  vessel.  They  are  built  in  such  a  manner  that  the  after  part  is 
rather  low  in  the  water,  while  the  bows  rise  to  the  surface  or  above  it.  They 
are  provided  with  powerful  engines,  die  largest  of  which  is  of  iioo  horse- 
power. As  these  vessels  work  mainly  by  using  their  own  wdght  they  are 
natuidty  very  strongly  built.  The  De  Maas  ship-building  yards  at  Delfshavcn 
is  at  present  building  a  similar  machine  at  the  expense  of  the  State  for  the 
use  of  the  Waterstaat.  We  are  unable  to  pronounce  any  opinion  on  machines 
of  this  cla^s,  for  they  have  not  yet  been  put  to  any  prartiral  test.  The  winter 
of  1893—94  was  neither  very  severe  or  long.  To  judge  from  the  reports 
which  we  have  recdved  from  Germany  widi  regard  to  the  working  of  these 
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machines,  as  well  as  from  the  results  obtained  at  AmsierUam,  they  are  excel- 
lent ice*bi«aken>,  very  suitable  to  work  in  the  moutibs  <tf  mets  and  k  riven 
with  sufficient  current  to  cany  away  the  broken  ice.  Tiieir  draqght  is  conri' 
durable  and  prevents  tiieni  working  in  a  water-coiine  that  b  less  Aen  4  or 
5  m.  de^.  They  work  just  as  well  in  canals,  but  the  ice  hdag  broken  in 
ereiy  direction  is  pushed  violently  forward  for  a  distance  of  several  metres 
in  front  of  them  and  after  the  ice-breaker  has  passed  floats  into  the  channel 
that  has  been  opened,  a  circumstance  which  interferes  with  the  free  movement 
of  light  inland  navigation  craft.  Also  by  repealed  rapid  movements  in  the 
canal  the  broken  ice  is  piled  up  against  the  banks. 

The  bn^en  ice  is  a  souzoe  of  danger  to  navigation.  When  die  ice-breakers 
advance  against  great  masses  of  pack-ice  which  refuses  to  yidd  to  their  attack 
tbey  run  the  risk  of  sliding  on  to  the  ice  and  reauining  theve.  On  the  other 
hand  these  machines  are  most  suitable  for  the  breaking  up  of  large  ice-fields 
and  for  preventing  the  ice  from  packing.  On  account  <tf  dieir  shape  these 
ice-breakers  will  glide  nf>on  the  ire  when  the  packii^  commences  and  diey 
therefore  run  no  risk  of  being  liroken. 

The  companies  that  own  tugs  object  to  these  machines,  because  they  arc 
of  little  use  for  other  purposes  when  there  is  no  ice,  which  is  the  case 
Aroughout  die  greater  part  of  the  year,  and  also  on  account  of  dieir  exces- 
sive cost  residting  from  their  special  construction.  By  mentioniqg  the  object 
-tions  made  to  diese  machines  we  do  not  however  by  any  means  wirii  to 
disq)prove  of  them,  for  it  is  incontestable  that  they  are  extremely  powerful. 
The  largest  of  the  two  ice-breakers  on  the  North  Sea  Canal  possesses  nearly 
550  horse  power  more  than  the  Wodan,  which  is  the  latgest  of  the  Steam- 
boats pro\ndecl  with  ice  ploughii  iu  the  Netherlands. 

For  the  navigation  oi  private  waterways  there  is  no  question  of  procurmg 
machines  of  dm  cfaus  fiir  the  reaacms  given  above,  and  thcdupping  companies 
will  content  themselves  with  constructing  ice>plou|^  of  150  to  aoo  horse- 
power the  price  of  which,  aooo  to  3000  florins,  will  be  within  their  read). 
Moreover,  whatever  the  build  may  be,  every  steamer  can  be  fitted  widi  an 
ice-plough  without  any  change  being  made  in  the  vessel  itself,  and  these 
vessels  lose  nothing  of  their  value  or  utility. 

It  is  also  essential  to  lake  into  account  the  variability  of  winters  and  conse- 
quently the  short  time  that  these  ice-ploughs  (  an  be  used.  This  is  clearly 
shown  from  the  following  table  which  gives  ihe  number  of  days  during  which 
die  waterway  from  Amsterdam  to  Schiedam  (Netherlands)  has  been  covered 
with  ice  between  1870  and  1894. 


1870-  71  from  21  ••  December  to  19  FebraM?   SO  dajni. 

Mn-11   •  . 

ISTS-lt   0  . 

tm-n   0  . 

1HT4    7n  from  M><<  DecMnber  to  4'*>  JaaSMJ   7  ■ 

l«7»~1«    •     M>k  ^Moafjr  to  99><  immuf   IS  • 

i«i»-n   •  • 
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uai-w  ,                              .  Aaif* 

tm-n  Inm  i»k  jTunuuT  *o     Mranj  .....  n  • 

to  »k  Fakruuy   »  • 

UW-n    •    M*  ^nwr  *o  ■*  nbrauT   »  • 

wi  «a   0  • 

  0  • 

U8S~«4  .   0  • 

iaM-«   a  • 

IMS— n   0* 

»<7  frum  17"'  JUMUry  to  34">  iknu&ry     ,      .      ,      .      .  8  • 

iMT-aa    ■     a»k  Fatmwqr  to  7<>>  Xaicb   S  • 

UM-^   •  • 

W»9^i»   0  . 

IWO-M  froin  1  Ueevmber  to      f  etwiiuy      .     .     .     .     .  5T  • 

Ml-9a   0  • 

1W3— M  firon  S  tmaarj  to  n  JuinArr    ......  It  ■ 

U9B-M    •    4  iWMvr  to  IT  ^aoMury  (1)   IS  • 


Properly  s]>eaking  it  was  onl\*  after  the  severe  winter  of  i8go  91  that 
greater  efforts  were  made  in  the  Netherlands  to  improve  ice-breaking  machi- 
nes; still,  as  we  have  said  above,  only  the  ship-owners  [liiid  any  attention  to 
the  subject  and  they  had  ice-ploughs  made  which  cuuld  be  adopted  to  the 
togs  dut  were  alrefldx  in  existence. 

We  mucli  i^ret  our  inabilily  to  give  fordier  infinrination  on  this  sabjet  and 
must  refer  to  the  experiments  made  with  tliese  niftdiines  by  members  of  our 
Sodety.  In  describing  the  ice-plough  we  have  already  given  some  details  wiA 
re^ct  to  die  work  done  by  these  machines  and  we  may  dierefore  refer  to 
the  almost  tmanimoiis  opinion,  founded  on  experience,  upon  what  can  and 
what  cannot  be  accomplished  by  the  ice-plough. 

We  refer  only  to  the  rivers  and  canals  of  the  Netherlands  and  we  will 
occupy  ourselves  with  the  different  navigable  ways  successively  as  well  as  with 
die  stste  of  te  ksfe 

I.  The  canals  employed  for  navigation,  that  are  not  less  dian  3.50  m.  deep, 
can  always  be  kept  open  by  means  of  the  ice-plough.  Widi  a  very  hard  ftost 
the  ice  does  not  become  more  than  40  to  50  cm.  diick.  In  ship  canals  a 

channel  of  sufficient  width  can  be  opened  up  very  rapidly  by  an  ice  plough 
adopted  to  a  screw  steamer  of  500  horse-power  which  will  work  during  a 
frost  which  will  form  ice  nearly  15  cm.  thick  in  the  sjjace  of  24  hours. 
During  a  thaw  ice  25  cm.  thick  can  be  broken  by  a  steamer  of  150  horse- 
power at  the  rate  of  3  to  4  knots  an  hour.  Shallow  canals  are  more  difficult  to 
free  from  ice  when  die  we  is  thick  or  the  firost  very  severe,  because  a  boat  of 
sufficient  power  cannot  be  employed.  For  diese  waterways  it  would  be  neces- 
sary when  it  is  desired  to  keep  the  diannd  free  to  begin  in  good  time  and 
by  repealed^  sending  boats  through  to  prevent  the  ice  from  becoming  strong. 


(1)  This  talilc  has  bt-cn  compiled  from  Jala  furnislied  at  Schiedam.  According  to  an 
Aocient  ciutom  no  list  is  issued  ia  winter  of  the  quantities  ni  gin,  until  the  boattnan  o( 
AnMterfmn  hw  had  to  itop  wiirk  on  Aoccwat  «f  tlie  ie«,  whuttvsr  die  qiuuitltjr  of  gia  may 
be  dut  hoi  bMo  IwrtcMd. 
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2.  In  jjfa-])orts  and  tht  months  of  rivers  where  there  U  not  much  tide,  ice- 
ploughs  may  be  employed  with  e«|ual  success.  What  we  have  said  above  with 
respect  to  die  breaking  of  ice  in  canals  is  equally  applicable  to  tbese 
waterways. 

3.  By  means  of  powerful  ice-jdoughs  deep  rivets  witii  a  &iriy  rapid  current 

may  be  opened  up  to  navi|pUion,  pronded  large  ice-packs  have  not  been 
formed.  If  such  rivers  have  not  a  depth  of  more  than  about  2  m.  the  only 
wa\    is  to  break  the  ice  by  means  of  powerfull  paddle-boats. 

'i'his  dei)th  does  not  allow  of  the  requisite  power  being  produced  by  one 
or  more  screws.  In  rivers  with  running  water  any  sort  of  ice-breaker  may  be 
employed  indiflerentiy,  becanse  the  ice  once  broken  is  carried  off  fay  die 
cutrent.  If  the  river  is  everywliere  obstructed  with  ice  afker  a  severe  frost 
and  the  broken  pieces  are  piled  together,  the  most  powerful  ice-breakers  will 
be  of  no  use.  It  is  only  during  a  slight  frost  or  during  a  thaw,  when  the 
mass  is  not  so  compact  that  there  is  any  chance  of  clearing  it  away. 

Tf  there  is  difficulty  in  ckaring  away  ice  in  this  state,  it  j^oes  without 
saying  that  with  the  resources  at  our  disposal  we  can  do  absolutely  nothing 
to  break  up  ice>fields  and  ice-padcs  of  a  certain  thickness.  It  is  only  during 
a  thaw  that  any  result  can  be  obt^ned;  the  danger  however  of  being  crushed 
is  very  great,  because  the  general  breaking  up  of  die  ice  very  often  occurs 
quite  suddenly.  On  the  other  hand  we  can  work  with  success  on  rivers  where 
it  is  a  (|uestion  of  ensuring  the  flow  of  water  in  a  confined  bed,  in  order  to 
facilitate  the  free  passage  of  ice,  and  where  between  the  ebb  and  flow  of  the 
tide  the  ice  remains  temporarily  immobile  and  might  become  very  strong. 
Large  masses  of  tioating  ice  are  tims  broken  up  with  great  ease.  In  every 
case  it  is  easential  to  begin  in  good  time  and  in  dns  way  much  labour  will 
be  epaxtd.  Widi  a  large  enough  plant  if  will  in  our  opinion  be  possible  under 
normal  conditions  to  float  away  the  ice  on  the  lower  parts  of  rivers  as  well 
as  in  their  embouchures,  and  it  is  therefore  necessar)-  to  place  ice-breakers  in 
dangerous  [ilaces  that  they  may  break  up  the  large  floes  and  ice-fields,  when 
the  ice  that  has  been  set  free  begins  to  float  away  more  slowly  as  it  rubs 
again.st  the  shoals,  groins  or  along  the  l»ank.  By  the  continual  displacement 
of  the  ice  it  will  finally  be  carricii  away.  By  freeing  the  lower  part  of  rivers 
the  regular  flow  of  ice  up  stream  will  be  condderably  facilitated. 

Ice-ploughs  driven  by  screw-steamers  will  be  able  to  do  what  is  necessary; 
besides  the  efiiective  way  in  which  diey  break  die  ice  they  run  less  risk  of 
being  caught  in  the  ice.  They  throw  back  die  broken  fragments  on  the  ice 
that  is  still  intact,  so  that  there  is  eventually  an  open  spare  through  the  frozen 
surface.  Onr  ships  are  powerless  to  struggle  against  ice  tioating  down  a  river 
especially  when  tlie  general  breaking  u])  of  the  ice  takes  place.  To  navigate 
under  these  circumstances  with  success,  vessels  of  a  special  build  would  be 
neoeaaary,  in  order  that  the  ice  in  movement  might  nowhere  meet  widi  a 
flat  surfiice.  A  build  must  be  diosen  which  will  cause  die  ice  to  be  pushed 
down  at  a  certain  angle  or  die  vessel  to  rise.  A  boat  thus  strongly  built 
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escapes  the  danger  of  bdng  cnislied  by  the  ice  that  is  raised  above  Hbe 
suiiace.  llie  ice-breakers  of  the  North  Sea  Canal  are  constructed  on  these 
lines.  In  order  to  make  our  e]q>]anations  clearer  we  subjoin  five  diagrams  of 

the  screw-tug  Prrnis  which  has  been  recently  built.  It  has  240  horse-power 
and  is  armed  with  a  Hoating  and  adjustable  ice-plough. 
N*".   I.  An  ice-plough  in  course  of  construction  which  is  fitted  to  the  stem 

of  the  tug. 

N".  2.  The  same  complete,  viewed  from  behind. 

N".  3.  1  lie  same  complete,  viewed  from  in  front. 

N".  4.  The  same  fitted  to  the  tug  while  at  anchor. 

N".  5.  The  same  fitted  to  the  tug  and  ready  for  use. 

Also  a  drawing  of  the  screw-steamer  Ifsplotg  in  diy-dock. 

The  experience  acquired  last  winter  has  suggested  certain  improvements  in 
ice-ploughs.  When  it  is  wishetl  to  keep  a  <  liaimel  open  in  a  canal,  or  if  it  is 
wi*ihed  to  break  tip  the  ice  which  olistructs  it,  the  lower  part  of  the  plough 
must  have  .1  hori/omal  projection  against  which  the  broken  ice  may  press  and 
be  more  easily  thrown  on  one  side.  (Experience  has  also  shown  that  on 
account  of  the  flatness  of  their  iihape  ice-ploughs  may  become  fixed  in  the 
ice.  To  avoid  this  the  lower  part  of  the  plough  is  made  obluse-angled. 

To  thoughtlessly  drive  the  plough  against  a  mass  of  very  strong  ice  gener-  . 
ally  only  damages  the  machine.  In.  many  cases  it  is  prefiarable  to  simply  cut 
die  ice.  Here  again  experience  will  be  die  best  guide  and  in  the  course  of 
time  the  efTirarity  of  these  machines  will  probably  l>ecome  much  greater. 
From  a  commerrirti  ]ioint  of  view  it  has  frequently  been  proved  that  ice- 
breakers  present  inatiy  ;ulvarit;iges,  cs|>ceiaUy  for  the  navigation  uf  sea-going 
ships.  If  has  been  possible  to  reiuier  ports  navigable  so  that  vessels  can  arrive 
and  depart  and  be  loaded  and  wi)oaded  even  during  a  severe  frost.  For  inland 
navigation  die  advantages  are  small,  but  diis  should  especially  be  attributed 
to  die  small  number  of  ice-breakers  in  existence.  When  die  principal  navigable 
way  has  been  opened  up  directly  after  the  thaw  there  is  no  advantage  gained 
if  the  secondary  waterways  remain  frozen  for  several  days  and  navigation  on 
the  canals  in  towns  is  sto])ped.  Moreover  there  are  various  regtjlations  in  force 
in  the  provinces  and  municipalities  of  the  Netherlands  l)y  virtue  uf  which  the 
breaking  of  the  ice  is  forbidden  and  it  is  not  allowed  to  open  the  bridges 
until  the  thaw  has  commenced. 

The  Nedierland  Government  might  generally  fevour  the  constnicdon  of 
ice-breakers  by  employing  when  necessary  vessels  which  are  used  exclusivdy 
for  this  purpose,  or  which  are  provided  with  special  iq>patatus. 

The  Si{ooiNvaart-&e^n^«n  company,  as  well  as  private  industry  and  nav^ation 
have  been  obliged  to  give  their  attention  to  this  question. 

The  company  hoj)es  that  it  has  helped  to  solve  this  jjrohlem,  which  is  a 
matter  of  the  highest  importance  for  many  countries,  but  especially  for  the 
Netherlands. 
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Traction  and  propulsion  on  canals,  canalised  rivers 

and  open  rivers. 

BY 

J.  HIBBCH  and  H.  B.  DS  MAS, 


SUMMARY  AND  DIVISION. 


The  proposed  programme  is  divided  as  follows: 

, , Progress  realised  ?;ince  the  last  Congress  in  the  appli- 
cation o  t  d  i  f  f  e  r  e  n  I  .systems  for  the  traction  and  propulsion 
of  boats.  New  systems  since  invented  or  adopted.  Inllu- 
«nce  of  the  form  of  boftts,  and  the  condition  of  their  sur- 
face on  resistance  to  traction.  Speed  necessary  and  attain- 
able for  carrying-boats  towing  in  train." 

lliis  programme  comprises  two  entirely  di^inct  ideas. 

In  the  first  place  the  stiuly  of  methods  of  traction  and  proj)ulsion  of  boats, 
and  in  the  seconti  place  an  examination  as  to  the  form  of  boats,  and  the 
influence,  which  the  form  and  the  condition  of  the  wet  surliEu:e  may  exercise 
on  resistance  to  traction. 

The  present  report  is  divided  into  two  parts,  corresponding  to  diese  two 
orders  of  ideas.  The  first  part  has  been  edited  by  M.  J.  HiitscH,  and  the 
second      M.  M.  B.  de  Mas. 

At  the  end  of  these  reports  will  be  found  in  the  form  of  Annexes  a  collec- 
tion of  various  information,  which  we  think  will  be  of  interest  to  members 
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of  the  Congreas.  These  particulais  tutve  been  supplied  to  us  a$  Uie  results 
of  aa  inquiiy  made  by  Engineers  in  navigation  service,  and  by  Directers 

and  Manaj^ers  of  transport  undertakings. 

We  thank  onr  obliging  correspondents  for  the  willingness  with  which 
they  have  replied  to  the  questions  we  took  the  liberty  of  asking  them. 

It  will  be  understood  that  we  have  been  obliged  to  limit  our  studies  to 
the  system  tjS  French  Waterways;  and  we  leave  to  our  feUow-vorkers  abroad 
the  task  of  examining  Aese  questicms  in  to  fiur  as  they  concem'their  own 
countries. 

Faru,  April  the  26^  1894. 

M.  B.  DE  MAS.        J.  HIRSCH. 
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Methods  of  traction  and  propulsion. 

B!r 

X  HIB8GH, 

lagtaiear  «a  dwf  4m  Fonta  ct  flhrawrilm. 


The  French  system  of  navigable  waterways  is  of  a  special  character,  resulting 
from  the  mountainous  nature  of  the  (  (Mintry.  The  large  currents  of  traffic 
are  not,  as  in  other  countries,  hiiiitcd  to  important  and  extensive  valleys.  The 
majority  ore  established  from  one  basin  to  another  and  connected  by  canals 
divided  into  reaches.  These  artificial  ways  have  been  for  tiie  most  port  resolved 
into  one  uniform  model,  which  allows  of  the  passage  of  a  boat  adopted  as  a 
type,  viz.  the  Flemidi  ^AncAe. 

The  rivers  form  a  prolongation  of  the  canals;  they  are  traversed  Viy  boats 
which  navigate  the  canals,  and  this  is  most  fretjuently  their  essential  service. 
But  besides  this  general  tratiic  they  |K>ssess  a  local  navigation  served  by 
plant,  which  is  in  no  way  subjected  to  the  model  of  the  canals. 

The  result  is  that  the  methods  of  navigation  employed  are  not  the  same 
on  the  canals  as  on  the  rivers.  For  the  sake  of  clearness  it  will  be  usefiil 
to  examine  separately  what  occurs  oa  the  canals  as  well  as  what  occurs  on 
the  rivers.  The  canal  navigation  presents  a  very  pronounced  character  of 
similarity  and  uniformiQr.  It  is  with  this  part  of  our  programme  that  we  will 
commence. 

TRACTION  ON  CANALS. 

With  regard  to  traction  on  canals  the  general  position  has  not  perceptibly 
changed  since  the  last  Congress.  The  particulars  fnrnlslied  in  the  remarkable 
reports  of  MM.  DrKOMr:  and  I, ASMi  )!.LFi>  still  represent  the  present  state  of  things. 
We  will  conii>lete  tlieni  (see  Vnnex  V)  by  a  few  particulars  concerning 
navigation  on  tiic  canals  ol  central  France. 

A|>art  from  a  few  exceptional  cases  the  boats  always  travel  singly,  the  locks 
being  too  small  and  too  near  to  each  other  to  Allow  of  navigation  in  oonvoys. 

In  proportion  as  the  work  of  improving  the  canals  progresses,  as  they  are 
reduced  to  the  regulation  modd  and  as  the  tonnage  of  die  boats  conse> 
quently  increases,  it  is  seen  that  towage  by  manual  bbour  has  a  tendency  to 
decrease  and  to  give  place  to  traction  by  horses. 


Digitized  by  Google 


4 


Mechanical  traction,  which  it  was  thought  would  become  the  solution  oi 
the  question  of  the  economical  working  of  canals,  has  remained,  excqvt  in 
one  special  case,  in  die  same  condition  as  iormerly.  This  mode  of  towage 
encounters  obstacles  of  various  kinds,  technical,  economical  and  social,  to 
which  we  will  refer  later  on,  and  which  have  up  to  die  present  paraljrsed  all 
efiorts  made  to  resolve  this  serious  problem. 

Carrying-t»oats. 

A  few  canying-boats,  worked  by  steam,  navigate  our  canals ;  they  are  pro- 
pelled by  paddle-wheels  fixed  at  the  stern,  and  in  such  manner  as  not  to 
exceed  the  width  of  the  regulation  model.  This  mode  of  transport  does  not 
develope  itsdf  to  any  extent. 

FmiMlar  towigt. 

On  the  proposition  of  the  3***  Section,  the  fifth  Congress  expressed  a  wish 
that  experiments  in  fttnictilar  towage  should  be  continued ;  it  considered  that 
if  tho  dithculties,  which  had  been  encountered  in  the  experience  of  this 
mode  of  traction,  could  be  obviated,  it  would  constitute  a  practical  solution 
of  the  question  of  traction  on  canals  of  large  traffic. 

The  system  of  funicular  towage,  conceived  hy  Mr.  Maumcb  Lew  and 
applied  by  time  on  the  St.  Maurice  canal,  near  Paris,  has  been  oompletdy 
described  in  the  publications  of  preceding  Congresses  on  navigation,  and  has 
given  rise  to  profound  discussion  in  these  Congresses.  For  the  moment,  the 
subject  may  be  considered  to  he  exhausted,  and  it  is  advisable  before  returning 
to  it,  to  wail  until  the  practical  ap[)lication  of  this  ingenious  system  has  given 
some  decisive  results.  71iese  results  will  nut  be  long  delayed;  in  fact  the 
Administration  has  decided,  that  the  plant  shall  be  established  on  the  canal 
from  the  Aisne  to  die  Maroe  in  the  Mont  de  Billy  tunnel,  near  Rheims.  The 
section  to  be  served  comprises  a  lengdi  3300  metres,  which  correq>onds  to 
about  five  kilometres  of  cable.  It  will  probably  be  finished  m  the  course  ot 
this  year  and  put  in  operation  before  next  winter. 

This  great  practical  experiment  will  be  followed  with  lively  interest  by  all 
who  are  engaged  in  matters  connected  with  inland  navigation. 

Miminflo  ttwagft. 

The  application  on  canals  of  the  principle  of  towing  which  has  succeeded 
so  well  on  rivers  has  often  been  attempted.  At  first  sight  the  thing  ap|  >ears  easy. 
A  chain  laid  at  the  bottom  of  the  water  is  seized  by  a  snalch-block  carried 
by  the  tow-boat  and  worked  by  any  sort  of  motor.  Progression  of  the  vessel 
is  the  result  The  power  to  be  developed  is  small;  dwrefwe  the  motor  may 
be  of  litde  weight  and  the  chain  need  not  be  of  great  strength,  conditioDs 
eminently  &vourable,  when  it  is  a  question  of  boats  travelliqg  alone* 
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in  working-trials  serious  practical  ditticulties  have  been  met  with,  amongst 
the  gnvest  of  them  being  the  following: 

Hie  difficulty  of  assuring,  without  too  cumbrous  apparatus,  adherence  between 
the  chain  and  the  snatch-block,  and  supposiog  this  adherence  establidied,  the  diffi« 
cultjr  of  loosing  the  chain.  This  led  up  to  the  idea  of  using  two  chains,  one 
for  going  and  another  lor  returning,  a  complication  which  seemed  unacceptable. 

There  was  also  a  difficulty  in  obtainii^  small  motors  to  work  with  security 
and  economy. 

We  leave  a.side  the  (luestion  of  the  i>a.s.sage  through  locks,  which  seems  to 
offer  several  acceptable  solutions. 

Perhaps,  by  the  empfoyment  of  electricity,  today  so  general,  one  might  say 
so  common,  these  obstacles  may  be  triumphed  over.  Adherence  n^ght  be 
eftcted  by  electrically  magnetising  the  snatch-block,  as  was  done  by  M.  de  Bovkt 
on  the  tow-boat  Ampere,  of  which  we  will  give  a  description  later  on.  Such 
a  system  allows  of  the  '-h  w'w^  l)eing  thrown  with  the  greatest  of  ease.  'I'Ht- 
electric  current,  whirh  inagiieii/.es  the  siiatch-hlock,  would  feed  at  the  5ame  time  a 
dynamo  which  would  set  the  snatch-block  in  motion.  All  this  mechanism,  which 
is  extremely  simple  and  incomparably  light,  may,  if  elementary  precautions  be 
taken,  be  managed  by  any  boatman.  Widi  the  low  rate  of  speed  used  on  canals 
die  flow  of  the  current  on  a  continuous  conductor  would  be  effiscted  with  great 
certainty.  Finally,  the  production  of  a  current  of  several  horsepower  would 
most  frequently  be  obtained  in  a  very  economical  way. 

The  system  appears  frt)m  all  joints  of  view  very  enticing,  and  it  is  advisa- 
ble to  encourage  exijerimenls  made  in  this  direction.  Many  engineers  have 
taken  up  the  question;  M.  de  Bovkt  especially  is  making  it  the  object  of 
seriow  sbidy.  Let  us  hope  that  he  win  have  aomethiiq;  mtoctting  to  com- 
municate to  us  at  the  Congress  at  The  Hague. 

EImMo  tiwa|e     tiii  Birgrady  Caul  (i). 

Electric  towage  has  been  applied  <m  the  dividing  reach  of  Uie  Buigundy 
canal.  This,  it  is  tnte^  is  only  <»e  particular  case,  but  ^e  success  has  been  so 
complete  as  to  oicourage  the  greatest  hopes  of  a  more  general  extension  cR 

the  system. 

At  the  time  of  the  last  Congress  this  system  of  towage  was  merely  a  project; 
now  that  practical  experieiire  has  been  obt-iined.  followed  for  several  months, 
and  crowned  with  complete  siu  ci  ss,  \\\t  study  of  it  ha.s  quite  another  interest. 
We  shall  be  allowed  therefore  to  describe  it  in  some  detail. 

The  reach  of  the  Burgundy  canal  is  6  kilometres  in  length,  of  which  3300 
metres  Is  tunnel.  The  width  of  the  waterway  is  6.10  in  the  tunnel  and  7 
metres  between  die  banks  in  the  open.  The  depth  of  water  varies  from  3.15  m. 
to  9.40  m.,  the  latter  being  the  most  usual.  In  the  readi  the  canal  has  only 


(I)  Comnanlettioa  froin  M.  Galuot,  logiteienr  det  Fonts  et  ChMusto  k  Dyoo. 
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sufficient  width  for  one  boat,  when  therefore  hodts  are  at  travelling  in  train 
these  are  despatched  alternately  in  one  direction  and  the  other. 

From  1867  to  1893  these  trains  were  towed  by  steMuboats  worked  by  a 
diain  of  6  kilogrammes  to  die  metre.  Tbese  boats  were  provided  with  marhitiCT 
fed  by  boilers  which  were  supplied  by  reservoirs  of  boiling  water  on  the 
XjUDm-Franoq  system.  In  the  last  few  years  400,000  tons  have  been  annually 
towed  in  this  way  at  a  cost  of  16,000  to  20,000  francs  including  all  amor- 
risatioii.  The  system  worked  well,  and  the  only  difficulty  was  that  it  was 
dear,  the  co-.t  of  maiiUenaiice  especially  being  high. 

In  1888  the  old  tuw-boats  being  no  longer  serviceable,  a  better  solution  of 
the  difficulty  was  sought  for  by  utilising  the  natural  forces  of  the  waterfall  at 
the  canal  locks. 

The  study  of  the  question  resulted  m  die  conviction  that  at  least  40  or  50 
tlKMiaand  cutnc  metres  of  water  were  available  each  day  for.  dke  two  locks 
which  terminated  the  reach. 

The  ground  was  studied  and  it  was  decided  to  create  a  fall  of  7  metres  on 
the  Seine  side  and  one  of  S  metres  on  the  side  of  the  Sa6ne,  and  caleulations 
were  based  011  a  daily  discliarge  of  30,000  <  ul)ie  metres  of  water,  of  which 
18,000  cubic  metres  came  from  llie  water-shed  of  the  Seine  at  Pouilly,  and  12000 
cubic  metres  irom  die  water-shed  of  the  SaAne  at  Esomnmes.  Under  these  con- 
ditions die  force  of  the  water  is  at  Pouilly  ao  hoise-power,  and  at  Escommes 
15  horse-power,  together  thus  35  horse-power. 

The  water-tank  of  the  turbine  is  of  cast<-iron,  and  covers  the  regulator,  from 
which  it  is  separated  by  a  sluice-door  of  bronze  in  the  shape  of  a  circular 
sector.  Tlie  reixtilator  rovers  a  little  less  than  half  the  circumference  of  the 
receiver.  When  stojipintj.  the  bronze  sector  closes  the  distributing  valves.  /Vs 
soon  as  the  turbine  be^nus  lu  work  it  regulates  itself  the  admission  of 
water  as  we  shall  explain  further  on. 

The  turbines  of  Pouilly  and  of  Escommes  are  both  constructed  on  the 
same  model.  They  are  on  the  Girard  system  with  free  deviation. 

The  vertical  axis  of  the  turbine  reaches  to  the  floor  of  the  engine-room, 
and  terminates  in  a  mitre-wheel  corresponding  with  another  mitre-wheel 
on  a  horizontal  shaft,  which  has  its  support  fixed  on  the  floor.  This 
horizontal  shaft  carries  a  fly-wheel  which  is  connected  by  a  belt  widi  the 
generating  dynamo. 

'ITie  generators  are  on  the  Grammesystem  and  are  of  a  superior  type. 

The  generator  at  Pouilly  is  constructed  to  produce  a  normal  power  of  30 

amperes  with  370  volts.  The  inductors  are  covered  with  wire  of  millimeties 

and  the  induct  with  wire  of  —  milimetres.  The  normal  rate  is  goo  revo- 

•  10  ^ 

lutions. 

The  generator  at  Escommes  furnishes  30  amperes  with  280  volts.  The  dia- 
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meter  of  die  wire  of  the  inductor  is  ^  and  tint  of  the  wire  of  the  induct 

lO 

^  and  the  normal  speed  is  1250  revolutions. 

The  two  generators  are  joined  in  tension.  A  conducting  wire  connects  the 

two  opposite  poles  of  the  machines,  and  from  each  of  the  two  otlier  poles 
a  conducting  wire  runs  both  on  the  right  and  on  the  led  side  of,  and  parallel 
to  the  firht  wire. 

It  is  on  these  two  last  wires  that  the  electric  current  is  communicated  tu 
the  receiver  by  means  of  fricti<m. 

Under  these  conditions  when  the  water>wheel  u  moving  at  its  normal  rate 
the  totsl  tension  is  280  +  370  650  volts.  The  resulting  current  is  30 
aaqteres.  Generally  this  result  is  not  readied,  Iwt  it  varies  between  ta  and 
25  amperes  according  to  the  cargo  towed. 

The  conchicting  line,  which  is  a  telegraph  wire  of  8  milh'metres  diameter 
^ves  a  resistance  of  less  than  4  ohms  on  the  circuit  of  about  10  kilometres 
traversed  by  the  electricity. 

The  loss  of  power  is  therefore  too  volts  fbr  n  cuircnt  of  25  amperes,  and 
under  tibese  conditioos  the  receiver  receives  the  current  with  about  550  virfts, 
and  duiB  absorbs  550  X  '5  '3750  Watts,  or  a  total  force  equal  to  tSH 
horse>power. 

It  is  extremely  rare  that  such  a  high  power  is  required. 

The  mode  of  connection  al)ovc  described,  presents  the  advantage  that  the 
length  of  the  conductor  traversed  by  the  current  remains  always  the  same  on 
whatever  part  of  its  jouroey  the  tow>boat  noay  be. 

The  only  difficulty  widi  this  mode  of  connection  results  fiom  the  stimulus 
lost  It  was  necessary  to  employ  diis  mode  of  stimulus  in  order  to  be  able 
to  use  accumulators. 

When  a  boat  is  put  in  motion  every  generator  tends  to  invert  the  polarity 
of  the  one  next  to  it.  To  obviate  this  difficulty  it  suffices  to  admit  the  current 
slowly.  This  is  effected  by  the  aid  of  a  powerful  unnKxmng  rheostat  giving 
a  resistance  of  180  ohms. 

The  Tegulalofs  of  the  tuibines  form  an  interesting  part  of  the  construction. 
It  has  been  shown  diat  die  more  or  less  complete  dosing  of  tiw  distributer 
is  effected  by  means  of  a  bronse  sector  which  slides  over  the  openings  of  die 

distributer* 

This  sector  may  be  manoeuvred  by  a  wheel  which  is  worked  by  hand; 
but  it  may  be  likewise  guided  by  a  very  ingenious  ^rstem  of  automatic 
regulation. 

To  one  of  the  shafts  of  the  turbine  are  attached  two  cog-wheels  correspon- 
ding with  another  cog  which  is  in  relation  with  die  bronse  sector.  If  one  of 
these  wheels  be  put  into  gear  with  the  ftiction^dutdi  of  the  tOrbine,  ttu  evident 
that  die  sector  will  turn  in  one  direction  or  the  other. 

The  coupling  is  effected  by  electro-magnetic  adherence,  according  to  the 
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system  conceived  by  M.  DE  BOVET.  The  electricity  is  supplied  by  a  local 
pile.  The  current  is  conducted  into  one  of  Uie  cog-wheels,  or  inteirupted  at 
will  by  the  aid  of  a  commutator,  the  condition  of  which  is  dependent  on  ilie 
current  which  traverses  the  principal  line. 

For  this  purpose  a  solenoid  is  applied  to  the  inductors  of  lihe 
generators. 

The  solenoid  is  drniblo  and  its  two  nrinatiires  arc  suspended  at  the  ends 
ol  the  beam  of  a  balaiK  t-  aii<l  in  such  manner  thai  one  annatiire  has  its  rentre 
above  the  centre  of  the  corresiwnding  solenoid,  while  the  other  has  its  centre 
below  it.  When  the  current  passes  the  solenotds  attract  Ihenr  armatures  and 
ibe  balance  sinks  on  one  side:  as  one  of  ^e  arms  of  the  balance  is 
surcharged  this  gives  the  equilibrium  for  a  certain  volti^e. 

If,  in  working,  tike  voltage  becomes  too  weak,  the  balance  will  incline  in  the 
direction  of  the  surcharge,  and  to  the  Other  side  if  its  voltage  becomes  too  strong. 

The  beam  of  the  balance  carries  at  each  of  its  extremities  metal  fork*;, 
which  plunge  into  the  cup  of  a  qiitrksilver  coniunitator  when  the  inc  lination 
of  the  beam  is  suHtcient,  thus  establishing  communication  between  the  pile 
and  the  friction-clutches. 

This  syston  is  excellent;  the  rc^ulalw  is  easy  to  manage  and  very  sensitive. 
Unless  under  exceptional  circumstances  it  does  not  allow  of  a  deviation  of 
volt^e  of  more  than  5  to  ro  ^{q.  The  normal  voltage  is  easily  regulated  by 
surcharging  more  or  less  the  armatures. 

The  list  of  organs  required  for  the  distribution  has  nothing  special  in  it. 
It  contains  a  stimulus  rheostat,  an  ampere-meter,  a  volt-meter,  a  lightninp^- 
condiH  tor.  silent-apparaiiis,  hoth  automatic  and  manual,  a  tachymeter  etc., 
accessories  which  are  to  be  found  in  every  electric  cslabli.shaieat. 

The  system  is  completed  by  a  battery  of  accumulators,  which  is  composed 
of  250  elements  of  the  type  of  die  SkUI/ /mt  U  inmU  UectHqm  desmikuuet 
each  consisting  of  4  negatives  and  5  positives  <rf'  315  by  105.  In  ordinary 
circumstances  the  charge  should  be  a  current  of  10  amperes  and  die  discharge 
should  give  15  amperes. 

These  elements  are  joined  in  series,  so  that  the  electro-motive  power  of 
the  battery  varies  about  2  X  250  =  500  volt«;,  Tn  charging  it  will  easily 
support  2.2  X  25°  =  .'>5°  volts,  and  in  the  discbarge  the  voltage  may 
without  inconvenience  lal!  as  low  as  1.8  X  250  =  450  volts. 

The  battery  is  connected  with  the  conducting  line  parallel  to  the  receiver. 
The  connection  is  continuous,  so  that  the  accumulators  act  as  fly-whed&  The 
battery  working  alone  is  sufficient  for  two  journeys  in  each  direction. 

It  is  establidied  in  the  cellar  of  the  house  which  serves  as  residence  for 
the  diief  towage  engineer. 

The  conducting  line  is  composed  of  three  3>ronze  telegraph  wires  of  8 
millimetres  diameter.  Tlu-  metal  presents  a  me(~hani(al  resi<;tance  of  45 
kilogrammes  per  square  railUmetre  and  its  conducting  power  is  97  %  of  the 
pure  copper. 
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The  total  i  ir(  iiit  traversed  by  the  current  being  about  izooo  metres  the 
resistance  is  3.9  to. 

When  working  at  full  power,  i.  e.  30  amperes  with  650  volts,  the  line 
ahfiorfas  a  force  of  /?/«  s=  3.9  X  3°*  =  35'° 

The  development  is  therefore        6so^y"^o^^  ^  ^' 

When  working  at  its  mn^i  usual  speed,  that  is  with  15  amperes  and  650 

volts,  the  development  is        ^      ~y  ^il  ^       ~  ^ 

The  three  wires  of  the  line  are  sn  disixwed  as  to  form  the  three  edges 

of  a  prism  0.10  m.  in  height  with  a  base  of  o.to  m.  by  0.30  m.,  die  two 

edges  cS  die  base  beuig  fonned  by  the  wires  on  whidi  the  cunent  travds. 
For  keeping  the  wires  in  the  required  position  isolators  of  a  spedal  form 

are  used. 

Three  isolators  are  supported  on  a  grooved  iron  rod  0.25  m.  or  0.35  m. 
in  length.  I  he  return  wire  not  being  used  for  taking  the  current  is  simply 
placed  in  the  notch  of  the  isolator  and  tied  there. 

The  two  wires  which  serve  for  taking  the  current  are  suspended  under- 
neath by  means  of  copper  wire  hoops. 

The  isoktor-beaiers  are  at  a  distance  of  so  metres  from  each  other. 

The  Ime  so  constituted  forms  an  open  circuit  To  complete  the  circuit  it  is 
only  necessary  to  place  the  two  outer  wires  in  contact  with  the  poles  of 
the  receiver. 

This  is  effected  by  means  of  two  trolle\s  carried  by  the  boat.  As  in 
American  tramways,  these  trolleys  are  com|>oscd  of  two  long  articulated  poles, 
which  are  followed  on  their  whole  length  by  a  flexible  conductor  issuing  from 
the  poles  of  the  receiver  and  terminating  in  a  roller  which  communicates 
electrically  widi  the  conductor  and  follows  it  constandy  along  the  line. 

The  arms  of  the  trolleys  are  7.50  m.  long  and  are  composed  of  a  tin  tube 
of  4  m.,  in  which  is  halted  a  bamboo-rod  of  about  3  m.  On  this  so  consti- 
tuted \)o\e  are  fixed  supporters  in  V  form,  consisting  of  thin  tubes,  and  the 
whole  is  strengthened  by  steel  wires.  The  poles  are  maintained  in  a  vertical 
position  by  springs. 

At  the  end  of  th^  poles  are  die  pulleys  which  receive  the  current.  The 
bearings  are  articukuted  in  such  a  manner  that  they  lend  themselves  to  any 
lateral  movements  which  die  boat  may  make.  At  the  end  of  the  arms  of  die 
trolley  the  conductors  cross  a  dividing  table  and  johi  die  two  poles  of  the 
receiver.  This  is  a  Gramme  machine  of  superior  t}-pe,  arranged  in  a  series  of 
electrical  tension  in  wire  of         for  the  electros  and         for  the  roller. 

The  resistance  of  the  inductors  is  6.1  10  and  that  of  the  inducts  0.55  10. 

m 

On  trials  at  which  900  revolutions  were  made  with  30  amperes  and  550 
volts  it  gave  19  horse-power  with  the  brake  on. 
The  development  was  dierefore  85 

The  machine  lecdves  a  greater  or  less  force  in  proportbn  to  die  trains  It 
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has  to  tow.  It  works  well  with  different  cargoes  in  tow,  and  is  remarkably  &ee 
from  sparks.  Its  table  contains  nollung  special  unless  itisitstuunooring-rhdostat 
of  i8o  oluns. 

The  receiver  is  connected  with  the  tracttonowheel  by  a  belt  The  pulley  ol 

the  dynamo  has  a  diameter  of  0.30  m.  and  a  Hy- wheel  of  1.80  m. 

The  wheel-axle  governs  the  cylindrical  wheel  by  a  series  of  cog-wheels 
which  are  geared  tor  two  rales  of  speed.  The  normal  rate  is  20  or  40  revolu- 
tions per  minute  according  to  the  wheels  used.  The  rate  of  progression  of 
the  boat  is  then  0.70  m.  or  1.40  m.  Of  course  this  speed  varies  in  a  large 
dc^ee  according  to  die  cargo  towed. 

The  boat  is  15  m.  long,  ^.to  to.  wide  and  1.20  m.  deep.  The  draft  of 
water  is  0.45  m.  The  fine  and  after  parts  are  covered  with  fluted  sheet-iron, 
and  the  central  part  for  a  length  of  8  m.  carries  a  cabin  built  of  thin  sheet- 
iron  to  ]>rotect  the  apparatus  and  the  staff  from  wind  and  weather. 

In  orrlcr  to  olniate  the  danger  of  the  t  hain  bespattering  the  boat,  it  is 
entirely  enveloi>ed  in  a  sheath,  formed  underneath  like  a  i/,  and  a  movable 
half-cylinder  of  thin  sheet^iron  on  its  upper  part  The  tow-boat  is  provided 
with  two  rudders  which  are  worked  together  by  means  of  mechanical  trans- 
missbn.  The  chain  enters  and  leaves  the  boat  by  two  holes  simibu-  to  those 
ordinarily  used  on  river  steamboats. 

When  in  the  tunnel  (he  boat  is  lighted  by  dectrid^,  as  also  are  the 
cabins. 

The  alwve  described  arrangeinenUs  were  iirojerictl  by  M.  (Ialliot,  Ingc- 
nieur  «les  Ponts  ci  Chaiissccs  under  the  direction  of  M.  Fontaine,  Chief 
Kngineer  of  the  Burgundy  Canal.  They  were  approve*!  by  die  Minister  of 
Public  Works  on  the  8^  of  February  1893.  The  work  was  immediately  com- 
menced and  was  fioi^ed  or  the  is***  of  July  following. 

The  local  direction  was  entrusted  to  the  conductor  M.  VaiLLARD. 

The  total  cost  of  the  establishment  of  the  system  was  139,000  francs. 

Kxperimental  trials  were  made  during  one  month,  vn.  from  Jti1\  the  15*^'' 
to  August  the  15"'  and  since  this  date  no  other  system  than  the  electrical 
has  been  employed  tor  towage. 

The  working  of  the  .system  is  carried  on  in  the  most  simple  manner. 

From  the  present  time,  after  the  exceptional  summer  of  1893  and  the 
rather  cold  winter  which  firilowed,  during  which  the  service  was  continued 
without  break,  we  have  a  right  to  say  that  experience  has  .shown  that  the 
q«tem  of  FoutLLY  has  justified  all  hopes  that  were  formed  of  it 

TRACTION  AND  PROPULSION  ON  RIVERS. 

If  the  conditions  of  nangation  on  canals  are  nearly  everywhen:  the 
same,  die  case  is  entirely  dil&renl  on  rivers.  Each  waterwajr  has,  so  to  speak, 
its  own  physiognomy,  characterised  by  its  slope,  its  water-power,  the  dimen- 
sions of  its  bed,  the  works  that  have  been  established  on  it  etc  This  physt« 
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ognoiny  frequent!)-  differs  very  much  on  various  points  of  the  same  river,  and 
it  changes  with  the  seasons.  Hence  an  almost  infinite  variety  in  methods  ot 
navigation. 

Certain  rivers  of  secondary  importance  are  managed  in  the  same  way  as 
the  canals  of  which  they  are  a  continuation,  and  their  plant  is  on  ihe  same 
model.  From  the  point  of  view  of  navigation  it  is  as  well  to  place  them  in 
the  category  of  canals  proper. 

The  large  waterways,  which  are  the  only  ones  we  hftve  to  consIcUr  here, 
are  di\  ided  in  two  classes ;  those  of  which  the  water  flows  freely,  and  those 
whic  h  are  canalised  by  Aood-gates.  in  the  latter  case  the  flood*gate$  are  generally 
ol  large  dimensions. 

These  waterways  have  to  serve  as  well  tor  the  local  tratrtc,  which  does 
not  leave  the  valley,  as  for  the  general  traffic  brought  to  diem  by  the  arti- 
ficial ways  in  connection  widi  dwm.  They  are  thus  used  by  cnial  boats 
as  well  as  by  otiier  craft  eqpedalty  fitted  to  local  conditions. 

As  regards  canal  craft,  steam  boats  suffice  for  themselves,  but,  apart  from 
this  partictihur  case,  all  other  boats  have  to  l>o  moved  by  some  exterior  power. 
Going  down  stream  they  often  drift  with  the  tide,  while  in  certain  cases 
single  boats  or  small  convoys  are  drawn  by  horses. 

Navigation  in  Convoys. 

A  practice  whidk  is  becoming  more  and  more  general  is  the  employment 
of  mechanical  power  for  drawing  mure  or  less  heavy  convoys,  in  which  may 

figure  canal  boats  as  well  as  \oax\  craft. 

Mechanical  traction  is  effected  in  various  ways, 

Tlic  motor  may  take  its  point  oi  support  directly  from  the  bed  ot  the  river 
(qrappins),  from  an  submerged  chain  {imeurs),  or  from  the  summnding  water 

Qrappins  are  still  in  use  on  the  Rhdne.  They  are  powerful  steam-vessels 
with  paddle-wheels  which  serve  for  pro])ulsion  when  descending  the  river. 

TTiey  carry,  in  aildition,  a  large  central  wheel  worked  from  the  steam-engine, 
and  pros  idcd  with  solid  tecih.  In  asrendinL?,  this  w  hrc!  re^ts  on  the  !)ottnm  of 
the  ri\ei  and  the  tocth  l>iii'  into  tlie  gravel  which  forms  the  bed.  This 
method  uf  iraciiuii  i^  peculiarly  adapteil  to  the  nature  oi  the  Rhone  and  to 
the  conditions  of  its  traflic. 

Tugs  are  often  built  with  paddle-wheels  but  more  frequently  with  screws. 
Important  progress  has  been  made  of  late  years  in  the  construction  of  diese 
boats,  their  propellers  and  dieir  engines. 

Towage  by  chain  (iMtfurx)  is,  as  fitf  as  we  are  aware,  the  only  system  at  the 
present  day  in  general  use. 

The  chain  is  rolled  many  times  on  two  j)ara!lel  fluted  drums,  which  turn 
with  equal  speed  under  the  action  of  a  steam  engine. 

Tu^s    have  great    freedom    of   movement,  go  quickly  or  slowly,  turn 
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m  «  small  circle,  move  perpendicularly  to  the  banks  etc  They  have 
other  consideFable  advantages,  such  as  freedom  to  discuss  conditions  and 
prices  for  services  they  render  to  navigation  and  thus  make  the  most 
of  any  fitvouraMe  circuDistanoes  vhich  may  arise.  Vfben  the  strength  of 
the  current  is  rather  great,  they  work  in  ascending,  under  nn&vourable 
conditions. 

Towage  on  chain  allows  of  less  liberty  of  motion.  The  capital  required  for 
its  first  establishment  including  the  price  of  the  chain  is  much  greater.  But 
when  the  current  is  rather  strong,  the  machine  in  ascending  uses  its  motive 
power  mttdi  more  economically  than  the  tug.  On  the  descent,  on  Uie 
other  hand,  the  towage  on  chain  is  less  profitable,  sometimes  impossible.  With 
die  present  system  of  adherence  by  means  of  two  parallel  drums  die  (iteration 
of  throwing  the  chain  is  long  and  laborious.  It  is  reduced  as  much  as  possible 
by  vankms  artifices.  Sometimes  the  chain  is  composed  of  short  sections,  which 
are  so  mounted  as  to  be  easily  disconnecteci  and  rejoined  to  allow  of  their 
befng  exchanged.  Other  conni)anies  prefer  the  traqua<^r  system,  according  to 
which  each  boat  traverses  only  one  section  of  the  way,  and  exchanges  its 
convoy  with  the  boat  of  the  next  section. 

The  laying  of  a  chain  constitutes  a  monopoly,  an  appropriation  of  the 
public  domain  for  the  benefit  ot  one  paxfy,  and  it  can  therefore  only  be 
allowed  by  virtue  of  a  concession  issned  by  the  administrative  anthority,  and 
this  concession  neoessszily  implies  conditions  which  may  become  very  burden- 
some, especially  as  regards  tariffs.  Here  we  have  some  extremely  delicate 
questions,  which  it  would  be  out  of  our  province  to  enter  upon  here,  but  ol 
which  the  solution  may  exercise  a  decisive  influence  on  the  prosperity  of 
the  enterprise.  , 

The  study  of  systems  of  tugging  and  towing  has  been  made  at  the  Paris 
Cbngrem  in  sndi  a  complete  way  and  with  so  much  authority  and  compe- 
tence, that  we  do  not  think  it  would  serve  any  useful  purpose  to  continue 
it  here. 

In  the  Annexes  11  and  HI  will  be  found  some  supplementary  particulars 
oonoeming  local  applications  of  mechanical  traction. 

Towage  by  magnetic  adherwiM. 

Since  the  last  Congress  important  progress  has  been  realised.  The  magnetic 
adherence  tow  boat  which  was  then  only  projected  has  now  entered  into  regular 
service. 

It  seems  dierefore  that  the  time  has  arrived  to  give  a  description  of  diis 
remarkable  apparatus  (a). 

At  Uie  Congress  of  Paris,  MM.  M(Xjnos  and  z>e  Bovet  have  examined 
the  conditions  with  whidi  a  well  ocganiaed  service  of  towage  should  comply. 


(a)  Ttiis  description  i>  com]Mteci  rrom  particuUrs  kindly  Atmislicd  by  M  DB  BOVBT| 
Director  of  th*;        du  Couagc  de  la  Basse-Seine  et  de  I'Oise, 
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III  place  ut  the  ordinary  tow  boats  attached  to  their  chain,  it  would 
lie  advtsftble,  aoom-ding  to  lliefle  engineers,  to  subrititate  toneur-tugs,  diat 
is  to  say,  tug-boats  witb  screws  or  wheds,  and  supplied  widi  a  towing 
appantus  whtdi  would  only  be  used'  in  ascending.  Tbe  «|qianitus  should 

be  very  simple,  not  liable  to  damage  the  chain,  and  permitting  of  its  being 
thrown  into  the  water  without  diffii  uUy  nt  any  point  of  the  journey. 

'I'he  relay  service  should  be  done  away  with  and  tow-boats  ascending  should 
conduct  their  trains  to  their  destination  without  traqttagt.  Descending,  they 
would  function  tugs.  The  service  would  thus  be  double  and  would  conse- 
quently gain  in  regularity,  in  si>eed,  in  power  for  traffic,  and  in  economy.  In 
order  to  comply  with  these  conditions  it  was  neoessaiy  to  (md  an  eftcdve 
qrstem  of  traction  wrorUiig  widi  ft  very  drart  chain  on  the  towit^  appaiatus. 
To  obtain  tbe  necessary  adherence,  M  dr  Bovet  has  adopted  the  ingenious 
idea  of  magnetising^  a  single  drawing  snatrh-hlock. 

The  snatch-bloch  (see  Table  I,  tigs,  5  and  6)  consii>ts  of  two  cast-steel 
plates  a  and  /  carefully  adjustetl  and  connected  by  bronze  bolts  g.  They  fomj 
between  them  a  circular  cavity  partially  filled  by  the  coiled  conducting  wires  i. 

The  bottom  of  die  cavitjr  is  dosed  by  a  faronxed  ting  t  widi  caootchonc 
joints,  whidi  pfevents  the  roll  of  wire  being  moistened  by  the  water. 

The  electric  current  taken  on  two  isolated  rings  penetrates  in  the  pulley 
by  an  opening  /  made  in  its  axis  m. 

It  should  not  be  forgotten  that  at  the  trials  an  old  chain  which  had  been 
reduced  l)y  use  to  a  weight  of  about  nine  kilogrammes  to  the  metre  showed 
when  at  rest  on  tlie  trial-snaich-block  and  surrounding  only  three  quarters 
of  its  drcumference  an  adherence  of  6000  to  6500  kilogrammes. 

Tbe  wetdng  ot  die  diain  by  ordinary  water  or  with  soapy  water  does  not 
cause  a  loss  of  more  than  about  10  %  of  the  canying  power. 

Even  when  very  much  twisted  and  escoessively  oiled  a  new  chain  carried 
more  than  4000  kilogrammes.  M^di  the  old  chain  an  adherence  of  6000 
kilogrammes  was  obtained  by  means  of  a  current  corresponding  to  only  3 
hor5e-i>ower.  The  force  nece<;sary  to  detach  the  block  is  at  most  300  kilo- 
grammes ior  a  new  chain  with  a  maximum  current. 

The  knowledge  of  this  force  has  led  to  the  discovery  of  means  of  ensuring 
the  detachment,  dut  is  die  separation  of  die  snirtcbrblocli  and  the  links  of 
die  chain. 

The  edges  ^  d  of  the  cavity  being  exposed  to  wear  are  affixed  in  sodi  a 
manner  diat  diey  may  be  ca^  and  speedily  replaced. 

Such  is  the  principal  organ  employed  in  towage  by  magnetic  adhesion. 

The  construction  of  the  tow-boat  was  undertaken  by  M  Hknri  .SAtrr, 
with  the  excejjtioii  of  the  installation  of  the  electric  part  which  is  due  to 
Messrs.  SAuriER,  Harl6  &  Co.  Its  length  is  33  metres,  its  intenml  width  is 
5  metres,  the  depth  2.70  m.  and  die  draught  of  water  when  the  boat  is 
working  is  1,90  m. 

I'he  engine  of  the         type  can  fay  means  of  two  friction-dntdies  put  the 
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screw  in  working  with  a  clevelupmciit  ot  150  horse-power  for  150  revolutions, 
or  set  in  motion  th«  towing  api^aratus  by  means  of  cog-wheels  with  a  power 
of  60  to  So  hones  and  90  revolutions  when  travelling  on  the  chain. 

At  the  after  port  of  die  boat  are  placed  two  boilers,  eadi  of  150  hone- 
]>ower  There  are,  just  as  in  the  towing  boats,  two  rudders  widi  commanding 
wheels  G  and  G'.  The  first  one  ha.s,  when  in  repose,  no  tendency  to  turn 
when  the  boat  is  using  the  screw,  i'he  form  of  the  hull  affords  to  this  tow- 
boat  a  satisfactory  acitoa  as  a  tug. 

Two  water-ballast  compartments,  IV  IV,  can  by  means  of  a  pump  remove 
a  oertun  quantity  of  watett  so  as  to  deqien  the  after-part  when  travelling  with 
the  screw  and  to  reestablish  die  level  when  towing. 

Fore  and  aft  the  dbani  passes  tlnouj^  the  holes  jP  F'^  and  tlien  between 
the  vertical  rollers  E  E'.  It  then  leaves  its  guide  D,  whence  it  goes  to 
surround  three-ijuarters  of  the  towage-snatch -block  A  (figs.  2  and  5),  where  its 
eiilraiice  and  departure  are  governed  by  the  rollers  H  />',  which  are  s\ni- 
metricatly  dispO!>ed  and  mounted  on  pedestals,  so  that  the  chain  may  l>e 
easily  placed  and  when  necessary  thrown  into  the  water.  W'e  will  only  obser\'e 
that  die  magnetic  metsl  roller  B*  assists,  together  with  the  hard-metsl 
and  non-magnetic  pin  /T^  in  the  detachment  of  the  chain.  On  the  fiMre-part 
the  other  pin  symmetrical  with  the  abovef  assists  the  detachment  of  the 
rhaiii,  but  only  wh«i  the  motion  is  backwards. 

Between  the  ep^rew  of  the  rhntn  D'  atid  the  mouth  there  is  a  well, 
large  cnoiigh  to  rc(  t  ive  20  to  35  ra.  of  chain,  which  naturally  drops  into  it 
down  an  mclined  plane. 

When  a  tow-boat  approaches  a  Curve  the  chain,  in  consequence  of  the 
strain  on  it,  has  a  tendency  to  aj^woach  the  coitre  and  to  place  itsdf  in  a  more 
direct  line;  consequently  there  is  a  slackness  of  the  chain  at  die  place  where 
the  tow-boat  is.  The  question  is.  therefore,  to  keep  this  slackness  on  board 
and  to  give  it  out  only  gradually  during  the  passing  of  the  curve.  This  object 
is  attained  liv  l!u-  brake,  .1/,  which  can  be  regrdated  according  to  neres>ity: 
it  kl^  out  less  of  ilie  chain  (before  the  jiassing  of  the  curve),  or  more  (during 
the  |>a.ssing  of  the  curve)  than  has  been  taken  in  in  firont.  In  the  absence  of 
this  brake,  die  slackness,  on  account  of  its  returning  to  the  water  at  the  same 
time  as  it  was  produced,  would  not  be  available  when  again  required,  as  the 
ascending  tow-boat  would  leave  the  chain  closer  to  the  convex  bank  dun 
it  was  before. 

F  is  a  magnetised  snatch-block  with  a  revolving  s|)eed  ei^ual  to  the  spee<l 
of  the  towage-snalch-block  and  develo|)e>  in  its  re\ohrtion  a  |>ower  of  200  to 
^oo  kilogrammes;  on  this  sfiatrh-block  the  detachment  of  the  chain  is 
ettected  naturally  by  its  fall  ituo  il»e  well. 

The  apparatus  for  lettii^  it  drop  into  the  well  is  shown  on  fig.  7. 

Two  roUers,  one  on  each  side  of  the  magnetised  snatdi-block,  compel  the 
chain  to  make  its  contact  on  a  leiigth  sufficient  for  the  magnetic  adherence. 

The  pivots  of  these  rollers  are  vertical  pins,  which  are  surrounded  by 
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strong  traction  springs,  so  that  when  the  tension  of  the  chain  is  strong  at  the 
side  where  the  links  emerge,  the  springs  give  way  and  the  two  rollers  rise, 
which  prevents  an  abnormal  pressure  on  the  supports. 

Fr.ctlon<InU-h  for  n,.gocllc  .dheremv,  ».  Box",  .y.t.m.      ^hen  the  chain  is  Straight  it  Only 

touches  the  magnetised  snatch- 
block  in  one  point,  but  it  is  in  this 
case  that  the  action  of  the  pulley  is 
superfluous,  so  that  under  any 
circumstances  the  detachment  H 
does  not  work,  or  scarcely  so.  This 
entrance  snatch-block  is  kept  in 
i^rn  ll  r~)   miction  so  long  as  the  boat  is  kept 

 ^z::nr~ —-Hf^H  if*'*^---"-™   ha        motion  by  a  special  transmission 

ftirT-'  Hy  |.        of  movement  J  K,  shown  by  fig.  2. 

It  can  be  left  free  when  it  is  not 
required  by  connecting  with  it  an 
excellent  system  of  clutch  as  shown 
on  this  page.  This  connection 
consists  of  the  principal  piece  A 
which  is  in  rough  or  cast  iron, 
attached  to  the  driving  shaft  and  provided  with  a  circular  cavity.  This 
cavit)'  contains  the  wire  B,  the  extremeties  of  which  are  connected  with  the 
rings  on  which  the  friction  of  the  current  operates. 

The  leading  shaft  receives  a  plate  F,  which  is  free  to  approach  cd  until 
it  comes  into  contact  by  sliding  on  rollers. 

When  the  current  enters  the  wire  B  the  armature  of  F  connects  itself  with 
cd  thus  forming  an  electro-magnet  and  from  it  distributes  its  movement.  The 
connection  is  therefore  obtained  without  any  exterior  resistance;  moreover 
by  means  of  the  angular  form  of  the  magnetic  field  the  apparatus  can  al.so 
limit  the  maximum  of  power  transmitted  by  allowing  A  to  glide  towards  F 
when  this  power  is  exceeded. 

The  brake  (see  fig.  8)  is  provided  with  a  guiding  roller,  by  which  the 
chain,  even  when  in  tension,  is  obliged  when  stationary  to  cling  to  an  arc  of 
a  certain  length  on  the  magnetised  snatch-block  of  the  brake,  so  that  as  soon 
as  the  current  is  transmitted  the  chain  and  the  articulated  sheath  attach 
themselves  to  it  with  certainty  both  at  the  same  time. 

The  shaft  of  this  block  is  not  connected  with  any  mechanism;  it  turns 
freely  on  its  bearings,  and  the  sheath  regulated  by  a  spring  is  arranged  so  as 
to  come  into  contact  with  very  little  play  and  even  with  a  weak  current. 
Finally,  the  present  installation  necessitates  in  all,  on  the  deck  between  the 
fore  and  aft  vertical  rollers  A'/T',  three  magnetised  snatch-blocks,  a  chain-well, 
three  commutators  mounted  on  the  bridge  for  the  working  anil  the  rhiostals 
placed  below  the  deck.  The  source  of  the  current  is  a  dynamo  with  a  special 
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motor  constructed  bjr  Messrs.  Savttbr  RAitLi  Sc  Co  and  is  independent  of 
fHat  principal  motor. 

On  trial  die  toueur-tug  realised  a  speed  in  descending  of  i8  kikmietres 
widi  170  horse-power.  The  cuixent  was  from  i  to  $  kilometres. 

The  new  tow-boat  is  in  reffMlar  service  since  the  middle  of  the  year  1893, 
and  works  in  a  satisfactory  manner  either  as  tow-boat  a  or  a  tug  corres- 
ponding entirely  to  the  [)lan  in  view  of  which  it  was  constructed. 

i'he  Company  has  under  its  consideration  projects  for  three  new  boats  ol 
the  same  type. 

VarioM  laathada  af  traetfoiL 

Besides  na^gaCi<Hi  convoys,  in  vHuch  boats  of  all  kinds  take  part,  the  local 
traffic  00  large  waterways  is  conducted  by  vessels  of  various  sorts  and 
extremidy  varied  systems,  which  are  dependent  on  die  q>ecial  conditions 
of  the  traffic  and  of  die  way.  A  certain  number  of  examples  of  this  kind 
will  be  found  in  the  annexes. 

Navigation  on  the  Rhone. 

It  is  known  what  difiicttlties  are  encountered  by  the  navigation  on  the  RhAne. 
The  current  is  \ery  rapid,  the  bed  diifting  and  irregular,  die  depth  of  water 
very  small  and  variable.  Up  to  the  present  transports  have  been  effected  in 
various  ways.  Certain  boats  used  principally  for  the  transport  of  building 
materials  are  of  wood,  of  large  dimensions  and  small  tiraiight ;  descending, 
they  drift  with  the  tide,  avoiding  obstacles  by  the  aid  of  long  and 
powerful  oars.  On  the  ascent,  which  is  always  made  empty,  they  are  towed  by 
numerous  teams  of  horses  and  these  are  often  obliged  to  enter  die  water  up  to 
the  breast  A  difficult  and  dangerous  navigation,  which  can  only  be  practisied 
b^  bargemen  of  eacq>tional  strengdi  and  dexterity. 

The  greater  put  of  die  transport  is  effixted  by  steam-boats  widi  paddle- 
wheels;  these  boats  are  very  loog,  very  narrow,  very  light,  have  a  small 
draught  of  water  and  are  supplied  with  powerfol  engines.  Several  of  these 
boats  also  nm  a  passenger  service. 

On  the  Knone  there  are  also  some  grappins  and  a  few  tugs  to  be  seen. 
It  is  proposed  to  establish  on  this  river  a  towage-sorvice  under  peculiar 
conditions.  The  laying  of  a  permanent  chain  woukl  have  given  precarious 
results  as  it  would  be  constant^  displaced  by  the  gravd.  A  {Hnoposal  is  now 
made  to  employ  as  die  organ  of  tmctiott  a  metal  cable  entirdy  sunouuKng 
an  axle  carried  by  the  tow-boat  The  tow-boat  would  immerse  it  when  des- 
cending and  take  it  up  again  when  ascending. 

Calculations  are  established  for  conducting  the  service  in  sections  of  about 
20  kilometres  with  tiaquage  at  the  extremities.  It  will  be  interestins;  to  learn 
the  results  of  this  experiment,  which  will  be  on  an  original  plan  OJid  work 
under  very  (fiffindt  condidoos  of  navigatiott. 
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In  spite  i3f  the  competitiofi  of  ndlways  the  passenger  services  by  steamboats 
have  been  able  to  exist  and  to  develope  themselves  on  some  sections  of 
rivers  MrhidL  are  favourably  situated.  'J'his  mode  of  transport  is  still  much 
liked  on  account  of  its  cheapness  and  the  pleasure  found  in  the  modo  of 
travellinj^.  Large  and  fine  passenger  boats  have  been  recently  constructed 
very  well  arranged  and  supi)Iicd  with  powerful  engines  which  allow  them 
a  high  rate  of  speed.  (See  Annex  iV.) 

Mmy  laige  towns  on  important  rivers  have  ft  service  of  <»nnibi»  boats 
which  cany  passengers  into  the  interior  M  the  town  and  to  places  In 
die  neighbourhood. 

We  diould  mention  dial  among  such  services  one  of  the  most  active  and 
most  prosperous  in  our  country  is  that  which  serves  the  banks  of  the  Seine 
where  it  traveries  Paris,  (i) 

La  Compagnie  gencrale  de.s  Bateaux  Parisiens  employs  for  the  transport  of 
passengers  in  Paris  and  its  neighbourhood,  up  and  down  the  river,  105  boats 
in  various  types,  each  able  to  carry  225  to  400  passengers. 

The  total  can  .  u.g  power  of  these  105  boats  is  28,275  passengers. 

Among  the  various  modds  of  which  Hbh  service  is  composed,  die  type 
represented  on  Plate  II  is  one  which  complies  best  with  the  veiy  peculiar 
requirements  of  the  passenger  service  of  Paris. 

The  foUowiog  are  the  principal  details  regarding  these  boats: 


Lon(?Ui   .h 

WMth  on  tte  deck  *  *M 

MMImvn  aiM^t   ■  ais 

Number  of  p««»«'ng'"rs  27S 

Tubabu-  retoru-flMiic  hoiier  n-KWU  r<-<l  ui   k.  « 

Conixmiid  cnffM,  pU«a        drroloptzM?  W  h»tt»'9ommi  M  lift  nvoiutionw. 

A  ftMir-blada  mmv  with  •  dtanater  of  n.  UO 

Hainlwr  of  tum  of  tli«  lenw    ........  IW 

Bate  oi  tpeMl  aacendlnir  kUon.  17 

■    •     ■    AMomtiimg   •  IS 

Wdghto. 

EiVtBe     ........  lajmt, 

ia»enMtf   «M  - 

Holler  with  V»t«r   10,000  . 

Hall   • 

DMk  SMiiigs   S;m  • 

FitliUKs   7,000  . 

226  Pmmeagen  .    1S.ISO0  • 

........  SN  • 


The  fiiel  employed  u  coke. 

The  nidder  is  governed  by  a  wheel  placed  in  the  centre  of  the  boat  before 
the  fimneL  Transmission  is  effected  by  the  medium  of  a  cogged  cylender  and 
suitably  placed  tackle. 

(i)  Information  fomiihed  by  M.  Caubbt,  admiuistnteur  d^l^^  de  ta  Compatitue. 
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CONCLUSIONS. 

Wt  mZf  JHW  iriejlv  examine  tk€  stdjects  cmkthKd  in  the  previous  paragraphs 
and  endeawnt  t»  draw  from  iAem  s»me  gemend  eomhsions  ami  prtfosdwm 
to  submit  to  the  Congress  at  the  Hague,  We  will  eonseeuHvely  consider  Rivers 
and  Canals. 

RIvm. 

From  onr  n'vrr  to  arwthfr  and  even  from  one  section  to  another  section  of  a 
rii'tr^  ihi  nuihuds  tf  navigation  vary  greatly. 

As  ttj^ards  boats  travelling  singly  their  conditions ^  their  dimensions  and  their 
mode  of  propulsion  depend  essenOolfy  on  heal  cirenmstances  and  on  the  naittrt 
of  the  traffic  to  be  worked, 

From  the  point  of  view  we  are  taking  it  seems  very  diffienlt  io  dram  from 
this  whole  atty  general  rovdusions  without  being  vague  and  indefinite* 

The  same  might  almost  fir  stiid  <>n  the  subject  of  navigation  in  (om>oys.  It  is 
true  that  in  the  formation  of  amooys  the  models  of  the  boats  are  suffic  tenth 
uniform;  but  among  these  boats  arc  mixed  other  vessels  of  very  various  forms 
and-dime«sions.  The  traction  apparatus^  whatever  it  may  be,  must  necessarily  be  suited 
to  the  way  traversed^  in  other  wortU  mutt  be  an  insinunent  eseentitUfy  local. 

Nevertheless^  it  may  be  useful  to  mention  here  the  very  active  competition 
which  has  arisen  on  some  waterways^  and  im  particular  on  the  Seine,  between 
towing  by  means  of  fugs  and  toueurs.  Although  we  might  be  tempted  to  congratulate 
ourselves  on  this  competition  in  (onuderation  of  the  l(*7V  price  of  transport  tjf  pre- 
sent in  vogue,  the  situation  is  full  vf  danger  and  may  lead  to  disastrous  conse- 
quences. It  is  the  cause  of  exirone  instability  of  prices  and  consequently  the 
germ  of  a  definite  di^gam^f^en  of  river  mtengoHoit,  * 

Between  these  two  systems  of  traction  which  both  ret$der  smh  ia^orlant  ser* 
vieest  the  struggle  is  far  from  being  eqmed.  Amei^  the  Hffenmt  eanHHons  Uu 
most  powerful  is  the  /oei  that  the  tug  is  independant,  while  the  toueur  is 
bound  dotvn  by  a  eoneesswn  and  a  iist  of  charges.  These  facts  shotUd  not  be 
lost  sight  of. 

From  a  purely  technical  point  of  view,  important  progress  has  been  realised 
since  the  last  Congress,  IVe  refer  to  the  placing  in  working  of  the  new  magnetic- 
etdhereme  tow-boat. 

CtMlt. 

MespeeOt^  towage  on  canals  a  step  of  great  importance  has  Wtewiu  been 

accomplished  since  the  last  Congress,  ft  is  the  itOrodnetiim  of  eleefrie  towage  on 
the  dividing  reach  of  the  Burgundy  Qtnal. 

These  t7iv  s^'stemf  o  f  applying  electricity  to  navigation,  adopted  at  iJu  same  time 
and  both  crowned  with  success^  augur  tocll  for  the  future.  Nevertheless^  the 
problem  of  fraction  on  canals  cannot  be  considered  as  solved.  At  f^mlfy  mnd' 
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gation  is  effuhd  in  conmiys,  and  the  ijiwsliim  which  rune  preunls  it^flf  in  canal 
matters  is  that  of  single  boats.  It  should  be  rettiarked  however  thai  this  quislit)n 
must  net  ht  cmsuUrU  oa  exdusitftfy  tukmeal.  In  ^der  to  mvwe  at  a  good 
sdiOwn  of  U  Ike  frMem  should  be  vety  Hearfy  fuit  for  it  is  complicaUd 
awM  muneroiu  eonsiderations  foreign  to  the  ari  of  engineerings  and  from 
which  ii  eannot  be  disassociaUd^  eoen  if  we  eot^tu  onrsehes  strictly  to  the  study 
of  towage. 

Thus^  in  the  prf  sent  s  tate  of  things  the  expense  of  traction  is  the  smallest 
part  of  the  price  of  fninsport;  the  other  expenses  inc reuse,  not  in  proportion  to 
distance.,  but  in  proportion  to  the  time.  In  order  tn  reduc  e  them  in  any  considerable 
manner  it  ndU  not  be  sujicient  to  increase  speed;  it  is  above  all,  necessary  to 
gain  on  time  losty  which  occurs  m  most  varseus  ways.  This  is  above  all  a 
matter  of  administration  and  eeononucal  organisaHon, 

J^wn  whateper  fomt  of  mew  we  regard  it^  it  appectrs  that  michamtal  traction 
snbstUuted  for  towage  by  horses  or  by  men  is  the  true  solution  of  the  future^ 
and  that  this  alone  will  give  its  proper  value  to  the  magnificent  system  of  navi- 
gable vniys  which  corners  our  country.  But  before  we  arrive  so  far  7ve  ha7>e 
many  obstacles  to  surmount:  the  abolition  of  a  muni  customs,  the  interference  with 
vested  interests  economical  and  administrative  conflicts^  etc.  Jt  is  an  enormous 
tramformationy  abimt  a  revolution. 

In  spite  of  all  these  difficulties  the  study  of  the  problem  is  pursued  with 
ardour.  At  the  presetU  time  it  appears  that  the  preference  is  Voided  between 
two  solutions.  One,  funicular  towage^  has  been  submitted  to  a  practical  and 
prolonged  trial,  which  in  spite  of  some  mistakes  of  detail  has  allowed  us 
to  appreciate  the  great  value  of  the  system;  the  other,  magneto-electric  towage,  is 
only  as  yet  a  project,  but  considering  the  recent  progress  made  in  electricity  and 
the  infornuUion  already  possessed  upon  the  question,  it  appears  to  have  conside- 
rable chances  of  success. 

hupttttfow  to  b*  MibniltMl  to  tht  tagrMt* 

The  Cougress  of  Aris^  after  an  exhaustke  discussion  of  methods  oftraction^ 
has  proposed  by  way  of  conchsion  a  certain  mmiber  of  questions  to  be  sohnd. 
(See  Annexes). 

Since  the  closing  of  the  Congress  these  questions  have  been  the  object  of  study 

and  have  been  will  thrashed  mt. 

Nevertheless  it  cannot  be  said  that  final  solutions  have  been  arrived  at. 

We  consider,  therefore,  tiiat  these  same  questions  must  still  be  maintained 
in  the  programme  of  the  studies  of  navigation  congresses. 

In  addition,  iahu^  into  account  the  recently  acquired  experience,  we  consider 
U  necessary  to  Hrongly  recommend  tkcd  researches  shmdd  be  made  with  a  view 
to  the  eskHKlshmeni  of  dectric  tntciion  on  canals. 

Am's,  April  the  26^  1894.  J.  HIRSCH. 
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Influence  of  the  bnild  of  boats  and  the  condition 

of  their  surface  ou  the  resistance  to  traction. 

BY 

H.B.liaHA8> 


The  object  of  the  iireseiu  report  is  togive  a  brief  account  of  the  experiments 
which  we  have  followed  uj)  on  thi';  siihjert  during  the  four  years  1S90,  1891, 
1892  and  1893.  We  will  not  speak  here  of  the  methods,  nor  of  the  apparatus 
employed  (i). 

We  will  confine  omselves  to  pointing  out  the  principal  molts  aizived  at 
It  is,  liowever,  tndnpensable  that  it  should  be  remembered  that  our  experi> 
ments  have  been  made  exduaivdy  on  boats  capable  of  navigating  alternately 
the  rivers  and  the  canals  of  Fiance,  diat  is,  able  to  pass  through  locks  of 

38.50  m.  in  length,  5.20  m.  in  width,  and  at  least  2  m.  in  depth.  It 
should  be  added  that  durinc^  the  first  three  years  the  experiments  took  place 
on  the  Seine  in  a  part  suthciently  wide  and  deep  to  be  assimilated  to 
any  undefined  waterway.  In  1893,  on  the  rontran,'.  they  were  made  on  the 
Burgundy  Canal,  hence  the  division  of  the  report  in  two  sections. 

FIRST  SECTION. 

EXPERIMENTS  MADE  ON  THE  SEINE. 

InflMiiot  tf  Surflm. 

We  have  first  examined  how  on  the  same  boat  the  resistance  to  traction 
varies  with  the  draught.  With  this  object  experiments  were  made  on  die  i^/ma, 
a  boat  ci  the  type  called  /kUe  (PI.  IV)  when  drawing  successively  i  m.. 


(1)  For  Ibeae  detlilS  we  can  only  refer  our  rculers  to  the  works  entitled:  „Becfmnhm 
»ur  h  matf'riel  de  la   Batellerie".  Two  of  these  have  already  appeared, 
and  are  on  sale  in  Paris  at  the  following  addresses:  M"'  V"  Dunod,  qnai  des  Grands 
AvfMtins  49;  Ham.  Ctutx  ft  Co,  R«e  Berctee  so;  M'  Baudxy,  RiMd«iSd»ta.p«fCi  15. 
A  tUfd  wodt  b  in  cooite  of  picf^ntioii. 
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1.30  m.  and  1.60  m.  The  table  below  shows  ihe  principal  dimensioos  at  diese 
different  draughts.' 


DimiMuioiiB  of  t]i«  hull  of  tho  Ahaa 

At  a  Draught  of 

below  water. 

1.00  m. 

1.30  m. 

1.60  m. 

L. 

37.54  m. 

37.74  m. 

37.9'.»  m. 

L 

5.02 

5.02 

5.02 

t.. 

1.00 

1.80 

1.60 

*. 

0.967 

0.964 

0.960 

D. 

180  cm. 

235  on. 

290  cm. 

The  second  table  show<^  how  the  section  below  water  amidships,  the  total  of 

the  wet  surface,  and  the  resistance  to  speeds  of  0.50  m.,  1,00  m.,  1.50  m., 
a.oo  m.  and  2.50  m.  vary  with  the  different  rlraughrs  hoth  in  absolute, 
as  well  as  in  relative  value.  (The  figures  which  express  the  relative  values  are 
underlined.) 


Diite  and  nmlts  nlatiTO  to  the  Akna. 


At  a  diaiiglit  of 


1.00  tt. 

IJOn. 

liiOffl. 

5.02  sq.m. 
1.00  „ 

6.58  «i.m. 

1.30  „ 

8.03  •q.m. 
1.60  „ 

7.08  m. 
SIM  n. 
859  sq.a. 

264  „ 
1.00  „ 

7.62  m. 
87.74  0. 
288  tqjn, 

1.09  „ 

8.92  m. 
87i99  m. 
807  fl%.ia. 

312  , 

1.18  „ 

88  k. 

1.00  ^ 

44  fc. 

1.18, 

64  k. 

IJB, 

129  k. 
1.00  „ 

143  k. 
l.U  „ 

162  k. 
1.26  , 

980  fc. 
1.00, 

815  k. 
1.18, 

855  k. 
1.97, 

502  k. 
1.00  „ 

57y  k. 
1.15  „ 

6G4  k. 
1.32  „ 

805  k. 

953  k. 

1119  k. 

)  absolnto  m~lt 
Section  below  water  amidfllii|M.yaIue  f 

)  relatiTe  .  .  . 

Perimeter  below  water  anidddpe:  rX  r:  i  -I-  3l). 
Length  L  below  water  

calculated  (S=LX).  .  . 
relative  valoe  


Total  wet  aarliue 


Total  reeUtaaoe  at  a  speed  of  0.50  m. 


\  afaeelnte . 
(  relative  . 


..  ^      I  absolute  . 


14  n 


(  aheolate 
"    "  i  retetive 


n  n     n  n 


M    n       n  n 


S.00  ta 


abeolute  . 


I  relative 


2.50  m.  i 


absolute 


I  relative 
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It  results  fruin  the  above  tigureb  that: 

i*^       sutioH  kiiem  water  amidsJU/s  increases  in  pruijiomon  to  the  draught, 
a*'  TAe  Mai  mi  sur/aee  bdow  water  increases  at  a  lesser  rate  than  the 
drau^t. 

3"<i  TAi  /otai  resisianee  Sat  the  same  speed  increases  less  rapidly  than  the 

$€ction  belvw  tuaUr  amidships  and  more  rapidly  than  the  ioUU  uet  sutface. 

'file  fact  may  be  explained  if  we  consider  the  tohil  rfsiHance  as  com{)osed  of 
at  least  two  elements,  one  depending  on  the  section  below  water  amidships, 
the  other  on  the  total  wet  surface.  We  will  call  these  elements  respectively: 
Resistance  due  lo  build  aud  Ac  sis  tame  oj  surface. 

What  part  of  the  TOai  raisimc*  does  die  Remkmet  of  surftu*  Ibrni? 

In  Q«der  to  dacidate  Uiis  point  we  made  with  the  Alma  a  number  of  ex- 
periments widi  the  object  of  discovering  what  alteration  in  the  TStfo/  rtsistatue 
would  result  from  various  alterati<Mis  brought  about  in  the  nature  of  the  sur- 
fiweof  the  boat,  all  other  thinp  remaining  the  same.  These  difiierent  experiments 
gave  similar  results  and  we  confine  ourselves  to  mentioning  the  most 
characteristic 

The  experiment  consiste<l  in  noting  the  resistance  of  the  Al/tui  at  a  draught 
of  1.60  m.  firstly,  with  the  hull  in  its  usual  state;  secondly,  when  it  wa-s 
comfdelely  covered  with  oil-dodi  so  as  to  diminish  friction  as  much  as  possi- 
ble. The  results  are  given  in  die  following  tablet 


Spead. 

Total  resistance  of 
the  Alnw. 

Decrease. 

Hull  In 
Mtonl  itolfc 

wttb 
oU-«lo(h. 

Abfiolate. 

Eelative. 

Sll«cniiim«s. 

KUu^frniiimes. 

Ktlo^amiDP-i. 

M 

m 

m 

0.48 

16S 

106 

67 

ass 

1.50  b  

306 

200 

106 

aao 

480 

184 

0.28 

i,iid 

812 

1  3UI 

0.27 

The  considerable  importance  of  the  Resistance  of  surfdi,-  is  shown  here  at  a 
glauce.  At  a  draught  of  1.60  m.  and  a  speed  of  1.50  m.  per  second,  for 
example,  the  total  resistance  of  the  Alma  was  reduced  30  "/,,  by  the  sole 
means  of  replacing  the  rather  rough  surface  of  the  hull  by  a  perfectly  smooth 
one  (oil-cloth).  As,  on  the  other  hand,  the  friction  on  the  oil-cloth,  although  extre- 
mely feeble,  is  tiot  absolutdy  non-existent,  it  must  be  conduded  that,  in  the 
gioett  (0$tdiHoHt  ^  drtmgiU  ami  9/  spud  the  resistance  due  to  tke  frtctUtnof  the 
water  cntke  ImU  in  its  nahpvi  state  was  aboiU  one  third  ^  the  bttai  resistance. 
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We  have  experimented  with  three  boots  of  the  fHUt  type,  vis.  the  Afma, 
Ae  Beni  and  die  AdrUn^  having  the  same  width  of  5.0a  m.  amiddiipa,  and 
presenting  fore  and  aft  shinies  as  identical  as  possible,  and  difiering  only  in  lengdi. 

With  a  draught  of  1.60  m.  die  lengdi  of  hull  below  water  was  as  follows: 

i<ma  njM  m. 

Rmni  ....  MuOSau 
AMm   ....  MAn. 

The  three  boats  presented  exactly  the  same  resistance  to  traction,  as  shown 
in  die  figures  of  die  table  below. 


Nanus  of  the  lioats. 

BsiM 

UMs  at 

Ida  of: 

0.60  m. 

1.00  m. 

1.50  B. 

2.00  n. 

SJO  m. 

Alma  

Knot. 
54 

168 

ass 

664 

KOo*. 
1119 

JImI  

M 

160 

365 

665 

lUO 

Adrwn  

51       1  160 

! 

665 

1120 

This  result  (i)  seems  at  first  sight  paratioxical  and  in  compleie  contradic- 
tion with  the  previously  demonstrated  existence  ol  a  Rcsitance  of  surface. 
This,  however,  is  explained  in  a  plausible  maimer  if,  in  conformily  with  die 
ideas  of  ov  Buat,  we  admit  that  die  Besititmee  due  to  MU  is  equal  to  the 
sum  of  the  JWssitre  acting  on  die  fore-part  and  the  Nonprtsswt  00  die 
after-part  of  the  boat,  the  first  independently  of  its  length,  and  the  second 
varying  in  inverse  ratio  to  diis  lotgth,  or  rather  as  the  ratio  between  the 
length  and  the  width. 

The  shape  of  the  Alma,  the  Rem'  and  the  Adrien  being  considered  as 
identical,  the  Pressure  is  the  same  for  all  three  ;  but  for  boats  of  less 
length,  the  Non- pressure  is  more  considerable,  and  this  is  consequently  the 
same  with  die  Resiskmct  due  to  Mid.  It  may  thus  be  admitted  that  with  diese 
boats  the  increase  in  die  J^sistanee  due  to  tetZ^resolting  from  die  dioner  lengdi 
is  exacdy  compensated  by  the  diminudon  in  the  Memianee  ef  sitrfaee  JtaalxSag 
trom  the  same  cause. 

We  will  admit  therefore:  i*^  tkaf,  aU  other  things  being  efuedfUk  RenUoMt 

due  to  kdld  varies  in  inverse  ratio  to  the  ratio  j  between  the  length  of  theioatand 

Us  width  amidships ;  2*"*  ihai  within  the  limits  and  the  eonditions  in  which  emr 
experiments  have  been  made  the  totcU  Resistance  of  a  boat  is  independnt  of  its 
Ungthf  provided  that  ail  ^her  thirds  rmain  the  same. 

ii\  It  lias  !'C«n  confirmed  under  equally  renwrkable  oottditioM  oa  the  Alnui,  aod  tli^ 
Meni  with  a  draught  of  1.30  m. 
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liflitio*  €f  the  iMilM. 

Tbe  influence  of  Ibnn  is  dioini  in  tbe  two  t&bles  given  below  in  which  we 
have  collected  all  the  data  teUtiiKg  to  boats  of  difiinrent  types,  togedierwididieir 
resistance  to  traction  at  q>eeds  of  0.50  m.,  1.00  m.,  1.50  m.  s.oo  and 
3.50  m. 

The  first  tible  gives  the  results  at  the  common  draught  of  1.60  in.  on  a/ZmVAr, 
the  DaliUiy  on  a  fli^te,  the  Alma  and  on  a  t(mt^  the  Disirie  (PI.  IV),  all  three 
being  as  exactly  as  practically  possible  of  the  same  length,  width  and 
condition  of  surface. 


DimeniiioDs  of  boats  sod  reaistaace 
to  tractioia. 


HaaMS  «f  Oa  bastt. 


Penichs 


looa 


Ife  Length   . 

t.    Width  amidships  

Ratio  ^  •  *  

i.     Draught  ,  . 

Coefficient  of  displacemeat  .  .  . 
D.  DisplaoemeQt  

Total  t  e,sts  tanc«  at  a  speed  of: 

0.50  m.  per  second  

1.00  m.    „  „   

1.60  m.    „  „   

2.00  m.   „  „   

»SOai.  „  „   


Re$i9t€mce  per  cubic 
di^plaeement  al  a 

OiN  m.  per  seooad 

IJOO  m. 
1.60 
2.00  tt. 
9.50  ai. 


(jor  ton}  of 
of: 


n  It 
n  n 
n  » 


Resistance  at  a  speed  of  1  metre  per  siimaniiastre 
p(  sectioB  Mow  watsr  aoiidships.   ,  ,  ,   ,  . 


8&16  tt. 

5.00  m. 
7.64 

1.60  m.  i 
0.990 
302  cab.m. 


a?.99  m. 

5.02  m. 

7.57 
1.60  m. 
0.950 
290  cab.m. 


«7.7e  m. 

5.03  m. 
7.51 
1.60  m. 

0.966 
294  cob.m. 


102  k. 
301  k. 
682  k. 
1287  k. 


0.887  k. 
0.986  k. 
8.S61  k. 
4.961  k 


54  k. 

m  k. 

365  k. 
664  k. 
1.119  k. 


0.186  k. 
OJKiS  k. 
1.99i  k. 
9JI89  k. 
&868  k. 


44  k. 
126  k. 
266  k. 
464  k. 
806  k. 


0.151  k. 
0.480  k. 
0.907  k. 
1.646  k. 
9.7fi0k. 


87.6  k.  1   80.2  k.  I   1&.7  k. 
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The  figures  of  the  above  taUe  aflbrd  crashing  evidence  of  die  inferMwitjr  ot 
the  piideht  type,  which  is  however  not  surprising;  but  also  diow  the 
soperiflrity  of  die  iotu  tf^  to  the  fi^  type,  which  could  not  have  been 
foreseen  a  priori.  The  fact  is  the  more  remarkable,  as  the  flUie  is  not  only 
pointed  at  the  bows,  but  is  aLo  more  or  less  cut  away  in  the  stern;  where- 
as the  ts^ue  is  only  shar})  in  the  bows,  the  aiter-part  being  absohitely  square. 
It  ap{jears  therefore  that  tlie  raising  of  the  cut-water  has  the  most  effect. 

The  figures  uf  the  second  table  cannot  leave  any  doubt  as  to  the  influence 
(tf  raising  the  ends.  It  comprnes  die  compaiadve  results  of  oq^eriments 
made  on  the  fi^  Aima  and  on  two  types  of  boats  considetably  raised  bodi 
fore  and  aft.  Vis.  die  margoUit  Sttfrati  and  die  Frassian  boat  iBnwjml  (PI.  I V). 
These  last  cx|)erinK'nt.s  could  only  be  made  with  a  draught  of  1.30  iii.»  dtis 
being  die  maximum  realisable  draught  with  boats  of  the  two  last  named  types. 
Although  these  boats  had  obviously  the  same  width  and  same  condition  of 
surface  as  the  Alr/ui,  they  differed  from  it  considerably  in  length.  Their 
length  did  not,  however,  exceed  the  limits  within  which  we  have  found  that 
for  this  type  of  boat  the  total  resistance  is  independent  of  the  length. 

It  seems  thus  plausible  to  admit  that  the  total  resistance  of  die  margatat 
would  not  increase  if  die  lengdi  bdow  water  was  increased  bam  so.30  m.  to 
37.74,  die  lengdi  bdow  water  of  the  Alma\  and  die  same  would  be  the  case 
with  the  Prussian  boat  if  its  length  was  increased  from  34.10  m.  to  37.74  m. 

For  each  of  these  ]>oats  the  table  contains  two  columns,  one  showing  the 
figures  as  they  were  really  taken,  aad  the  other  with  the  figures  calculated 
on  the  above  hypothesis. 


DiasMions  ef  tfee  boats 
and  resistaaoo  ts  tiaction. 

NasMS  «f  the  boats. 

fltto 

AJnui. 

Msrgotat. 

Prussian  boat. 

Suffren. 

uf  Mme 
below 

mm  u 

Renie»ch. 

nf  Mine 

below 
WBMr  M 
die  Mhmm 

Dimnwiom  Mow  water. 

L.  Length  

f.    Width  amidflbiiM  

Batio  4    *  •   

0          ■  ■ 

4,   CoslBdsiit  of  dinplacMBsnt .   .  . 
D.  DkplaeemsBt 

37.74  m. 
d.02m. 
7.52 

i.aom. 

0.954 
336  cm. 

2O.a0m. 
5.00  m. 
4.06 
l^m. 
0.818 
108  cm. 

87.74  m. 
5.00  m 
7M 
IJOm. 
0.014 
tticn. 

34.10  m. 
4.91  m. 
694 
1.80  m. 
0.985 
209  cm. 

37.74  m. 
4.01  B. 
7M 
LtOrn. 
0Jt7 
986  cm. 

1 
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Namas  of  the  bwti. 


• 

Uimcnsionei  vf  the  hoata 

Flflte 

Alnin. 

Margotat. 

Pmtaiaii  boat. 

and  resiat«Dc«  to  traction. 

Sitffrfn. 

teuKhl  be- 

!.■«  »af>T  1 
as  til*'  Aln>ff 

I VI  MUIlt? 

lenffbt  b<?- 

Tot€U  m^t^tuv  at  a  li^Hi^  of: 

1 

1 

1 

0.50  m.  per  aecood   

44  k. 

91  k  (\\ 
£1  K.  {I) 

If  1 

Ik. 

1.00  m.    „  „   

143  k. 

01  R.  {I) 

0#    a.  1 

>Uk  Ir 

OV  A. 

1.50  m.    ^  „   

315  k. 

140  k. 

140  k. 

185  k. 

18&  k. 

2.00  m.    „  „   

579  k. 

243  k.  (1) 

24S  k. 

349  k. 

U9  k. 

9.S0  IB-     »       n   » 

963  k. 

877  k. 

•79  k. 

588  k. 

688  k. 

ReritUntce  pet  ettMe  «i«tr«  (or  ton) 

of  dUplaeemeiif  €U  a  ijpeoi  of: 

aSO  1D«  per  aaeoiid   

0.187  k. 

0.104  k. 

O.OMk. 

0.106  k. 

0.0t7k. 

1.00  m.  «  »   

oieook. 

0.680  k. 

0.899  k. 

0.394  k. 

•J64k. 

UOm.  ^  ,   

1.340  k. 

1.896  k. 

0.686  k. 

0.911  k. 

osnk. 

a  OOm.  »  

S.46ik. 

8Jt50k. 

1.086  k 

1.719  k. 

t644k. 

a-80B.  ,  

4.056  k. 

3.481  k. 

1.688  k 

2.867  k. 

8.676  k. 

AesUtance  at  a  speed  of  1  metre 

p«T  Hiu&re  metre  of  aection  below 

wat«r  amidsbifO  

21.9  k. 

10.3  k. 

10.6  k. 

12.6  k. 

18.6  k. 

.According  to  the  first  table  (draught  of  i.6o  m.),  if  we  take  as  unit  the 

total  resistance  of  the  pf niche  at  a  speed  of  1,50  m.,  we  see  that  at  the  same 
speed  the  total  resistance  of  the  jlAU  is  not  more  than  0.52,  and  that  of  the 
iotu  fallii  to  0.39. 

At  the  same  speed  the  resistances  per  cubic  metre  (or  ton)  of  displacement 
are  respecdvidy  z.oo,  0.54  and  0.40. 

AcGorduig  to  Uie  seccmd  table  (draught  of  1.30  m.),  if  we  take  as  unit  die 
total  resistance  of  the  >fto  at  a  qpeed  <A  t.50  m.,  we  see  that  at  the  same 
speed  the  total  resistance  of  the  Pnusiao  boat  is  not  more  dian  0.59,  and 
that  of  the  margotat  falls  to  0.44.  The  reastaiw»  per  cubic  metre  (or  too)  of 
displacement  are  respectively:  i.oo,  0.61  and  047. 

We   are   therefore  justified   in  thinking   that  by  raising  the  bow  and 


(1)  In  conMMiaeDoe  of  an  error  oa  page  56  and  in  the  Piute  XVZI  of  ^itaoAeraAOi 

rTyu^rimentn\e!>.  .ntr  }e  materiel  fie  la  hattUnie^^  thcM  retiitaacea  weia  given  aa  a8|  7a 

and  239  kilogrammes  respectively. 
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die  atem  a  type  mii^t  be  airived  «t  of  which  die  reostanoe  to  tntctioD  m 
rwers  would  not  be  more  than  a  quarter  of  tibat  of  the  pfmekes. 
It  is  true  that  it  is  the  margoUU  which  has  given  the  most  sadsbctoiy 

results  a.s  regards  resistance  to  traction,  but  it  is  also  this  type  which  has 
the  least  displacement,  and  again  the  disadvantage  which  it  presents  from 
this  point  of  v-ie\v  becomes  rapidly  greater  in  proportion  as  the  dxau^t 
increases,  as  we  will  show  later  on. 

Cons<^quently,  and  aliiu  with  the  object  of  obtaining  i>u{^rior  nautical 
qualities,  we  are  of  opinion  that  it  would  be  well  to  give  to  the  extremities 
a  ionn  mora  nearly  approaching  that  of  the  extremities  c€  tibe  Prussian  boat, 
in  fiict  something  the  shape  of  a  spoon. 

In  diis  way  we  have  studied  in  a  purely  geometrical  manner  two  tfaeo- 
redcal  types,  differing  however  only  in  tiieir  rahe,  and  which  are  shown 
on  Plate  V. 

The  first  type  has  a  length  of  38.58  m.  over-all  measurement,  and  a  ked 

of  33-5*^ 

On  this  latter  the  section  is  iiniform  and  rectangular,  5.00  m.  wide  and 
2.20  \\\.  in  height.  The  two  extremities  are  identical.  They  are  shaped  longi- 
tudinally as  follows:  i"*  a  quarter  ellipse  of  which  half  the  vertical  axis 
is  3.20  m.  and  half  ^e  hoxisontal  axis  2.50  m.  in  length;  2°^  a  vertical  part 
of  0.40  m.  correaponding  to  the  rounding  of  the  boat  The  lei^gdi  bdow  water 
at  a  draught  of  1.80  m.  is  exactly  38.50  m.  The  waterlines  determined 
by  horizontal  planes  arranged  in  degrees  of  0.20  to  0.20  m.  are  in  the  aft 
and  fore  curves  all  elliptical  and  consequently  the  contour  of  the  extremities 
on  the  horizontal  is  circular. 

The  second  type  (iiflfers  from  the  first  only  in  that  half  axis  of  the  ellipses 
formed  by  the  extremities  are  4.50  m.  in  length  instead  of  2.50  m.  The 
length  below  water  at  a  draught  of  1.80  m.  remains  38,50  m.  The  length 
over-all  measurement  is  38.64  m.,  and  that  of  the  keel  is  reduced  to 
29.64  m. 

The  exclusive  adoption  of  these  geometrical  Imes  allows  us  to  calculate 
very  rapidlyi  for  a  given  draug^^  the  real  di^lacement  and  the  coefficient 

of  displacement  in  the  two  types. 
With  a  draught  <A  1.80  m.  (i)  the  legal  draught  of  France: 

t38 

we  have  for  the  i-  type:  2>  =  3^8  T     =  p--^^^—— ^=  0.947. 

and  for  the  2"*  type:  D  =  313  T  ff  =  —5  ^v^'^  w — 5—  —  o-904' 

"*  38.50  X  5-00  X 


(1)  With  »  dimngbt  of  1.30  m.  the  red  dbplacemcnt  and  the  coefficient  of  displacement 
«i«  rapecdvdy:  for  the      type,  235  T.  ud  o  948,  and  for  tlie  2n<t  type  223  T.  and  agoj. 

With  a  draught  of  1.60  ra.  the-  same  daU  become  retpectivdy:  for  the  tjpe  29I  T. 
and  a946  and  for  the  a<><t  type  277  T.  aod  0.903. 


Digitized  by  Coogle 


20 


A  wargotat  mea-siinnp  as  the  second  type  38.64  m.  in  length  nver-all 
measurement,  5.00  in  widtli,  anil  at.  ia  height  amidi>liip$,  with  0.40  m. 
of  bulge  would  not  have  more  than  293  tons  of  real  displacement  with  a 
dnught  of  r.8o  m.  The  coefRdent  of  displacement  would  still  readi  0.893, 
but  the  length  on  the  vater-line  would  be  leduced  to  36.44  m* 

SECOND  SECTION. 

EXPERIMENT^  MADE  ON  THE  BURGUNDY  CANAL. 

The  experiments  were  made  <m  a  straight  stretch,  2600  metres  in  length,  the 
transverse  section  of  whtdk  is  larger  titsn  &e  legal  sectioD  of  French  canals. 
It  is  known  that  tiie  latter  is  fixed  at  xo.oo  m.  at  the  bottom  and  z6.oo  m. 
at  die  waterline  widi  a  depth  of  3.00  m..  which  gives  a  wet  suifiu:e  of  s6 

s(jua.re  metres. 

On  the  portion  of  the  Burgundy  canal  we  are  refering  to,  the  wet  surface 
of  the  transverse  section  averages  29.53  si^.  m.;  it  never  exceeds  29.78  sq.  m. 
nor  bccorneb  less  than  29.13  sq.  m.  \\&  regularity,  therefore,  leaves  nothing 
to  be  desired. 

This  average  wet  sur&ce  of  39.53  ™-  corresponds  to  average  dimensioas 
as  follows: 

WMtti  st  bottM     ....      aSD  n. 

>   waMMlM    ....      18.70  « 
Wet  sarfaoe      .....      XUt  • 

0 

Hie  experiments  were  made  on  nine  boats  (See  PI.  IV). 

The  piniche  Mascaret)  which  is  similar  to  the  pinUhe  Dalila ;  four  flutes, 
viz.  the  Avant-Gardf  similar  to  the  fltlle  Alma,  the  Jeanfic  and  the  Petitf- 
Jeanni,  which  only  differ  from  the  Alma  in  their  length  (i),  the  /liu/Z/f,  which 
possesses  the  j>eculiarity  of  having  a  square  stern  like  the  Imcs ;  further,  two 
ttmts,  the  Gambetia  which  is  identical  with  the  Desirie  and  the  Celesiin  which 
onljr  ^flers  from  the  Desir^  in  kngthf  the  Mov^pMSs/  Suffren;  and  the  Fru»* 
nan  boat  Rtmesth, 

All  data  relating  to  these  boats,  with  the  di&ren^  draughts  at  whtdi  the 
experiments  were  made  will  be  found  in  the  following  taUe^  together  with 
their  resistance  to  traction  at  speeds  varying  from  0.35  m.  to  0.35  m.  up  to 
1.25  m.  indu^vely. 


It  is  necessnry  \n  remark  tliait  the  P«(ite  Jeanne  is  a  Utile  more  aleader  in  tlie  stem 

than  tlie  two  others. 
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IV  rJptioiM  of  tiM  iNMti  M  wbicli  Mparudimto  werf  n  <  I 


iHOriL 


Fifties. 


FllUl. 


auii  ^o""' 


lanoOL 


Fititi  I 
Jhiul 


iiiaMii 


(Mil  umia. 


a  dnuMfAl  of  1.00  m. 

L.  Length  

I.    Width  uuidihipt  .... 

Batio  ^  

#.  CocAoieiit  of  dkplMono&t  . 
D.  IHoplftoanOBt  

At  a  draught  of  IJO  m. 

L.  Length   

/.    Width  Amidships  .... 

fifttk)  -1^  

^.  OoottoiMit  of  taiftaeumt . 

P.  DioplMOBMIlt  

At  a  draught  of  1.60  m. 

L.  Length  

f.     Width  amiilshipfl  .... 

Ratio  -J-  

4,  Ooottciottt  of  displMOBMttt . 
I>.  DiopliMimBt  

At  a  draught  of  IJO  m. 

L.  Length  

/.    Width  amidships  .... 

Batio   

#.  CodBetant  of  displacoaont . 
D. 


38.17  m. 
5.03  m., 
7.69 
0.998 
190o.li 


^.14  m. 
5.02  m. 
7.60 
0.968 
185o.n. 


37.52  m, 
5.02  m. 
7.47 
0.957 
180o.n, 


m.  38  34  m.  37.70  m 


5.02  m. 

7.68 

0.966 


5.03  m. 
7JiO 
0.990 
947e.aiJ 


38.2r>  m,  138.39  m 


5.03  m. 
7.60 
0.988 
aOAoA 


5.02  m. 
7.64 
0.968 
997o.i|. 


38.50  m. 
5.02  m. 
7.67 
0J60 

834Gjn. 


5.02  m. 

7.51 

0.954 


M.3'6  m. 
5.02  m. 
7J» 
a950 


2y.80m, 
5.01  m. 
5.95 
0.951 
1420.111. 


30. (MJ  m. 
5.01  m. 
5.99 
0.946 

185e.n 


■MM  m. 
5.01  m. 
6Jtt 
0.944 


24.26  m. 
5.02  m. 


37.43  m.  2ii.OO  m. 


4.83  I  7.46 
0.981  I  0.980 
113e.iiL  184cjB 


5.02  m.  5.02  mj 
6.90 


24.50  m 
5.02  m. 
4.88 
0.987 

14Se.m, 


5.03  m 
7.61 
0.978 
841 


Ki7.U2  m. 
5.02  m. 
7.55 

297 cjD 


0.977 
1450.01 


2S.86  m 
5.02  m, 
5.95  m, 
0.978 
190e.m. 


ao.odm 

5.02  mi 

5.99 

0.968 


ly.20m;  33.70  B. 
5.00  m.,,  4.91  n. 


8.84 

0.888 

790JI1. 


0.954 


20,30ai..34.1<Ja 
5.00  m,  4,91  B. ' 


4.06 
0.818 
lOBcm. 


6.91 
0.995 
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Name-s  of  the  boats  on  which  experiments  were  made. 


T<jtal  resiislant'e  to  trai'tion. 

PMlclie. 

Fifties. 

1  Tones. 

larzotal 

'  PrusUi 

1  

Beiesct 

Hascarei 

Paalii. 

Aml- 

UdllKi. 

Jeanne. 

Peiiie 

JCttDJIE. 

Gailena 

CelJStlB. 

At  It  drawiht  of  1  ()0 

iii. 

1 

1  

1 

—  1 

1 

0.2fi  tu. 

22  k.; 

llik. 

liik. 

liik. 

liik. 

lii  k. 

Lik. 

liik. 

liik. 

50  k. 

liik. 

Ilk. 

4ik. 

4lik. 

4iik. 

Mk. 

aak. 

At 

a  s{>e^  |»er  tiecond  of: 

1'  ni. 

W6  k. 

Llik. 

IMk. 

imk. 

iilik. 

lilQk. 

liifik 

ti9  k. 

aik. 

1 

LlMJm. 

I'iMj  k 

mi  k. 

i<a  k. 

1H5  k. 

172  k. 

178  k. 

178  k. 

118  k 

145  k. 

1  'A'l  lu. 

510  k. 

350  k. 

327  k. 

314  k. 

292  k. 

m)  k. 

30Ok. 

196  k. 

249  k. 

0  'A")  III . 

a:ik. 

2a  k. 

2iik. 

22  k. 

21k. 

22k. 

22  k. 

nk. 

Ulk 

llik. 

liik. 

liik. 

Silik. 

tiiik. 

iiBk. 

1 

ilk. 

At 

a  K|>ee«l  per  sei  ond  of : 

().7a  Til. 

2oG  k. 

17;<k 

156  k. 

155k, 

Ullk. 

i:><3k. 

1.50  k 

112k. 

Uiik. 

4H9  k. 

320  k. 

284  k. 

2S2  k. 

263  k. 

272  k. 

1 

272  k. 

197  k. 

1  215  k. 

1 .2")  m. 

SOT  k. 

k. 

491  k. 

4S7  k. 

451  k. 

469  k. 

469  k. 

33.5  k. 

;nok. 

At  a  ilniii'ihl  of  1  .tiO 

1  1 

4iik. 

■j'>  1. 
liii  k 

ii2  k. 

'J.l  u 
.VA  K. 

1 

32  k. 

ii2k. 

— 



Or»()m. 

172  k. 

LLIk. 

112  k. 

Ill  k. 

lillJk. 

Itfik. 

— 

— 

At 

a  spewl  per  sciond  of; 

0  Tfi  in. 

•11.)  k 

271  k. 

2.^8  k. 

255  k. 

249  k. 

247  k. 

LDQm. 

s<)<)  k  .' 

m\  k. 

481  k. 

475  k. 

463  k. 

456  k. 

Uiiim. 

16^7  k. 

K92  k. 

S45  k. 

s;j4  k. 

811  k. 

792  k. 

At  a  (Irau'jfif  >>f  l.S(t  ,n. 

(),-jr»  m. 

.  ..a   1 

172k. 

- 

1 

At 

<>.7,';  m. 

410  k. 

:  1 

1 

Lmni. 

m)  k. 

1-2:")  m. 

14S7  k. 

- 1 

- 

Inflience  of  length. 

If  we  compare  the  results  obtained  at  the  different  draughts  on  the  flUtts 
Avant-Garde,  Jeanne  and  Peiiie  Jeanne,  on  the  one  hand,  with  the  toues 
Gambeiia  and  Cflesiin,  we  arrive  at  the  conclusion  that  on  the  canal  as  well 
as  on  the  Seine  the  toial  Resisiame  on  one  type  is  independent  of  its 
length,  at  least  within  the  limits  and  under  the  conditions  in  which  our 
experiments  were  made. 

As  regards  the  two  ioues  the  results  may  be  considered  absolutely  identical ; 
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the  greatest  difference  verified,  that  is,  resistance  at  a  speed  of  1.25  m.  with 
&  draught  of  t.6o  m.,  does  not  exceed  19.  kilogrammes  in  alMolute  value  and 
a.3  %  in  relative  value. 

For  the  two  JUas  Avaut-Garde  and  Jemm  the  results  are  obviously  the 
same.  The  greatest  difference  verified  at  a  speed  of  t.95  m.  widi  a  draught 
of  1. 00  m.  was  13  kil.  in  absolute  value  and  4  %  in  rdative  value. 

Between  the  two  flAtes  Avant-Garde  and  Petite  Jeanne  the  difference  01 
resistance  was  more  considerable.  At  every  draught  and  at  ever)'  speed  a 
diminution  in  favour  of  the  Pciili  Jeanne  was  observed ;  and  this  diminution 
was  remarkable,  in  one  case  excelling  10  %  of  the  relative  value.  There  is 
certainly  nothing  surprising  in  the  fact  that  Ae  limits  in  which  the  total  resis- 
tance of  one  type  is  indq)endent  of  die  length  are  not  the  same  on  canals  and 
rivets;  but  this  diminution  of  resistance  on  the  FetiU  Jtamu  may  wdl  be 
explained  by  the  pomt  menticmed  above,  vis.  that  this  ^iie  is  a  licde  sharper 
in  the  stem  than  the  two  others. 

The  influaotce  the  form  of  the  stem  appears  really  considerable  ;  and  this 
is  shown  by  a  comparison  of  the  results  obtained  with  the  two  Prndin 
and  Amnt-Garde.  As  we  have  already  said  these  two  boats  differ  only  in  so 
fax  that  the  after  part  of  the  PauUn  is  square  while  the  stem  of  the  Aihint- 
Gardc  is  sliarp,  as  was  usual  in  the  normal  type  of  JlHie.  This  point  is  su  in- 
dent to  secure  a  certab  advantage  to  the  latter. 

MhMM  of  MM  bttlM. 

In  order  to  make  a  comparison  which  would  apply  at  the  same  time  to 
all  of  the  characteristic  ty])es,  we  have  been  obliged  to  take  a  draught  of 
1.30  m.,  tliis  being  the  maximum  draught,  at  which  experiuients  could  be 
made  on  the  margotat  and  the  Prussian  boat.  In  the  following  table,  which 
gives  all  the  elements  of  this  comparison,  we  have  however  only  quoted  one 
Jl^t  the  Avamt-QarAf  which  is  of  the  normal  type^  and  only  one  inu  the 
Gamieita. 

Finally,  with  die  otqect  of  having  figoxes  that  may  be  compared  especially 

as  regards  displacement  and  resistance  per  ton  of  displacement,  we  have 
in  the  table  reduced  all  the  boats  to  one  length.  After  what  we  have  said 
above  concerning  the  influence  of  length  we  have  every  reason  to  bdieve 
ourselves  justified  in  so  doing. 
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DimenaioiM  of  ths  bots 
tad  tbtir  naialtiiM  totractkni. 


Dcseriptkm  of  the  bMte. 


M.*«n*ot  Prussian 


JNfiMwfoM  behw  wofer. 

LtBfili  >  

L    Width  MBidships  .  .  .  . 

Ration  ^  

t.  I>ran>j;lit  

<f.  Coefficient  of  dtspkcomeat  . 
D.  Displacement  


Total  reiittaHes  at  a  $p0Bd  of: 

0.8&  ».  pat  MMMd  

0-50  ,   ,  ,   

1.S5 


»   

*•  '  

n    m  »   

itenstanctf  per  mhir  nu^trc  (or  ton) 
of  di»friacan»U  at  a  speed  of: 

0.25  n.  per  eeeosd  

0*50     wk      m  m 


0.16  „  , 
1.00  ,  „ 

1.26  „  „ 


N 


Resistance  at  a  8p«ed  of  1  m.  per 
«q.n).  of  section  below  water  amid* 
ships  


88.S6m. 
6X)8m. 

7.60 
IJOb. 

0.990 
347  cm. 


SBk. 

lUk. 
356  k. 

4«9k. 
807  k. 


0.134  k. 

0.4f;2  k. 
1.036  k. 
1.899  k. 
3.267  k. 


71.7  k 


88.26111. 
6j08ni. 

7.62 
1.30 
0.954 
238  cm. 

S2k. 

70  k. 
156  k. 
284  k. 
491  k. 


0.092  k 
0.294  k. 
0.655  k. 
1.193  k. 
2.063  k. 


88.36  m. 
6.08  m. 

7.62 
1.30  m. 


88^  m. 
6.00  b. 

7.65 
1.30  m. 


0.979    '  0.903 
244  cm.  226  cm. 


88  k. 

68  k. 
150  k. 
272  k. 
469  k. 


0.090  k. 
0.279  k. 

0.  BIfik 

1.  Uok. 
1.922  k. 


17  k. 

53  k. 
112  k. 
197  k. 
335  k. 


0.076  k. 
0.236  k. 
0.198  k. 
0.S76  k. 
1.4B9k. 


43.5  k.  I   41.7  k.  i    30.3  k. 


If,  in  conformity  with  what  we  have  said  above  aboat  the  peculiar  diffi  - 
cuUies  connected  with  the  mirgotai,  we  put  this  type  on  one  side,  in  spite 
of  its  apparent  advantat^cs,  we  <;ee  that  the  I'mssian  boat  maintains  on  canals 
the  superiority  with  \Nliich  it  had  l)ocn  cretiiteil  on  rivers. 

We  are  tiicrefure  justiiicci  in  thinking  that  boats  the  extremities  of  which 
are  ^ishioned  in  the  spoon-form  (Fl.  V)  are  to  be  recommended  for  the  navj> 
gation  of  canals  as  well  as  for  die  navigation  of  rivers. 

On  the  latter,  where  the  towing  b  usually  effected  hy  means  of  steam- 
tugs,  the  power  developed  by  the  motor  can  be  limited  to  the  force 
strictly  necessarv  for  the  traction  of  the  boats  tugged.  On  canals,  on  the 
contrary,  single  boats  are  generally  drawn  by  horses,  and  these  constitute  a 
constant  motive  power.  To  completely  utilise   this   power   it   would  be 

ilfBocH.  -  Dk  Mas.  ^ 
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necessaxy  to  vaiy  the  speed.  Most  frequently  the  hones  tte  htttnessed  in  pun 
under  the  guidance  of  a  driver.  These  horses  go  st  a  walking  pace,  at 
a  speed  which  is  to  a  certain  degree  necessarily  variable.  Aocotding  to 
certain  detailed  information  we  estimate  the  continuous  labour  of  a  pair  of 
horses  under  these  conditions  at  117  kilogrammetre*;  per  second.  It  is  easy 
to  determine  on  the  rurve  of  total  resistance  oi  eaih  boat  the  speed  at 
which  the  product  of  speed  with  resistance  is  equal  to  117  kilogram- 
metres. 

For  the  boats  in  the  table  above  (draught  of  1.30  m.)  this  speed  is  respec- 
tively : 


The  adoption  of  forms  of  less  resistance  would  as  regards  the  pinirhc  thus 
allow  of  the  realisation  of  an  increase  of  speed  of  about  30  ^/q.  Likewise  it 
is  certain  that  the  adoption  of  such  forms  would  also  have  the  result  of 
shortening  the  time  occupied  in  lock-working. 

Comparison  between  resistaiioe  on  canals  and  resistanoe  on  rivera. 

On  passing  from  a  river  (rf  which  &e  section  may  be  considered  as  un* 
limited  to  a  canal  of  which  the  section  is  on  the  contrary  very  limited,  ^ 
resutance  to  traction  naturally  increases  in  very  considerable  proportions.  We 
may  judge  of  this  by  the  following  table  where  will  be  found  the  verified 
results  of  trial  at  different  draughts  and  at  qieeds  of  0.50  m.  and  of  \  m. 
per  second  which  seem  to  represent  the  extreme  limits  of  ^teed  practised 
and  jjiacticable  on  our  canals.  We  will  call: 

il  the  wet  section  ot  the  canal; 

«»  the  section  of  the  boat  helow  water  amidships; 

R  the  total  resistance  to  traction  in  canals; 

r  the  total  resistance  to  traction  in  rivers; 

—  is  the  ratio  between  these  two  resistances  corresponding  to  the  ratio 
^between  the  sections. 


MnMw 
n«ta  .  . 

Tone  . 
PruMlMi  boat 


AM  m. 

<>.<»  • 

0^  . 
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M'mmM^nw  mow 
dcMsriDtjan  of  boaii,. 

Ik 

M 
•* 

At  A  SpMd  «f 

0.50  m. 

At 

'  — — 

B  speod  of 

too  m. 

B. 

k. 

r. 

R. 
r. 

At  a  draught  of  1.00  m. 

! 

Pifaicb6  

29.53  sq.m. 

S.O'jsq.m. 

367 

!l72k. 

102  k. 

1.69 

860  k 

301  k. 

2  86 

Flilte  

H.O;Jsq.in. 

3.68 

ill2k. 

54  k. 

2,07 

481  k. 

162  k 

2.97 

8.08iq.m. 

s.6a 

109  k. 

44  k. 

2.48 

463  k. 

126  k. 

3.67 

At  a  draught  of  1.80  m. 

1 

flflt*  

29.53  sq.m 

•>.'>.' i.>tj.n). 

4.52 

70  k 

44  k. 

1.59 

'2H4  k. 

l4.Sk 

1  99 

Prussiau  bi»at  .... 

29.53  sq.m. 

i>.388q.in. 

4.62 

54  k. 

22  k. 

2.45 

215  k. 

M)k. 

2X>\\ 

Margotet  

29.53  Bq.m. 

G.SOsq.m. 

4.54 

1  53  k. 

21  k. 

2.52 

197  k. 

67  k. 

2.94 

Al  a  drawjhl  of  1.00  m. 

5.88 

i  48k. 

S9k. 

1.SS 

191  k. 

129  k. 

1.48 

We  see,  firstly,  that  for  one  value  of  the  rado  ~~  the  increase  of  resis- 
tance in  passing  from  die  river  into  the  canal  was  as  much  greater  as  the 
resistance  of  the  boat  in  the  river  was  less.  The  hold  is  kss  imporla*U  en 
camts  iAoH  an  rwers. 

It  diottld  be  obeerved  too  with  what  rapidity  the  ratio  of  resistance  ^ 

decreases  when  the  ratio  of  the  sections  ~  increases.  Thus,  for  the  Jluie  we 
gadier  the  following  results: 


Draught. 

Hfttio  of  sections  ~ 
m 

B«tu»  of  IM 
speed  of  0.60  m. 

r 

speed  of  1.00  m. 

i.eom. 

8.68 

S.07 

2.97 

1.30  m. 

4.52 

1.59 

1.99 

1.00  m. 

6.88 

1.28 

1.48 

This  question  of  ratio  of  sectums  is  of  capital  importance,  but  we  are  not 
yet  in  a  position  to  discuss  it  completely.  We  see  from  the  above  example 
how  the  increase  of  resistance  varies  in  one  and  the  same  canal  and  (me  and 


Digitized  by  Google 


the  same  boat,  when  the  draught  of  the  latter  and  consequently  its  section 
bdow  water  amidships  vaiy.  It  is  especially  necessaiy  to  learn  how  llie  rests' 
tance  of  one  and  the  same  boat  varies  when  passing  from  one  caaal  into 
another  of  a  difierent  section.  We  trust  that  in  the  course  of  the  present 
campaign  we  shall  be  able  to  make  experiments  necessaiy  to  enlighten  us  on 
this  point 

M.  B.  m  MAS. 

JParis,  April  tlie  26'''  1894. 
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ANNEX  I. 


RtMMfoM  voM  by  the  Ms  Cragrm  soiMrafm 
Traalloa  m  NavigaU*  Waytw 

It  19  ttty  desinble  that  expoimmtal  tesearches  should  be  made  con- 
ncerning  tiie  distribution  of  traction  power  in  the  various  readies  of  canalised 
t^vers,  following  the  method  adopted  for  the  experiments  whidi  are  at 
^present  being  pursued  on  the  Baaae-Seine  by  M.  Cambr^  and  Clbrc, 

,^d  of  which  an  account  has  been  given  by  .M.  Camera  in  his  report. 

..2"'  Considering  that  funicular  towage  would  constitute  a  practical  s<ilution 
,,of  the  iiuestion  of  traction  on  rnnals  of  larpe  traffic,  if  the  twisting- of  the  cable, 
„which  still  sonielimes  occurs  in  si>ite  of  the:  prcrautiuii  Uikcn  to  avoid  it,  could 
.,be  prevented,  the  section  expresses  its  wish  that  the  experiments  of  St.  Maur 
„on  die  one  hand,  and  those  on  the  Canal  from  the  Oder  to  die  Spree  on 
other  hand  be  continued  with  the  spedal  object  of  studying  the  causes 
ffi(  the  twisting  and  above  all  to  find  a  remedy  against  the  hindrance  which 
it  may  still  exerdae  m  the  towage  of  boats. 

The  section  wishes  that,  besides  exi)erinients  in  funicular  towage, 
..experiments  he  also  made  in  llu-  einptoynient  of  the  system  of  electrical 
„towage  inventeti  and  explained  by  M.  7)1-  Bovet. 

, It  is  desirable  tliat  every  boat  be  jjiovided  as  soon  as  possible  with  an 
„official  document  showing  its  resistance  to  traction  at  tiiffcrcnt  relative  speeds. 
The  aectioo  apinredatii^  Ae  importance  of  die  ecperiments  under- 
iftaken  by  M,  dx  Mas  wishes  that  these  experiments  be  followed  up  in  all 
„their  details  and  especially  widi  reference  to  die  influence  of  the  condition 
„of  surfaces  on  resistance  to  traction. 

„6*'»  The  section  wishes  that  the  question  of  better  economical  organisation 
„of  traction  on  navigable  ways  be  submitted  to  the  next  Congress." 


ANNEX  II. 
Towaft  M  rivm. 

Coropagnie  de  touage  ei  transport:,  de  la  Seine  de 
Cun flans  k  la  mer  (a). 

This  Company  provides  the  service  between  Confians  (mouth  of  the  Oise) 
and  Rouen  (171  km.). 


ifl)  InfomtttiQQ  farnistaed  by  M.  CABiHANTaAXD,  Mliniiiiitiatettr  ddliigiii  de  la  0«. 
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It  owns  eight  tow-boats,  constructed  on  tiie  same  type  and  having  the 
following  dimensions. 


LsBgtb    iOJSO  m. 

Width   ejas  ■ 

D^th  MnMlAblp  2-10  . 

i)i.o]>ia<-ein«nt  tn  aorvloe  Kbont  .     .      jou  tons. 
Kngine  ........       I'JO  tiorse-poymr. 


These  boats  can  tow  4000  to  5000  tons  nett  weight. 

By  the  aid  of  a  system  of  gearage  two  rates  of  speed  may  be  made.  The 
entrine  workinjj  at  60  or  70  revulutiuus  gives  4  km.  an  hour  at  low 
spee^l  and  6  lu  7  km.  ai  lull  speed. 

The  boats  are  furnished  with  screws  which  allow  tbem  to  work  freely  as 
tug-boats. 

Each  tow-boat  travels  the  entire  distance  wtdiout  traqmge.  The  exchgoge 
of  the  chain  widi  descending  boats  is  effected  by  means  of  hooks  which  are 
placed  at  distances  of  about  100  m.  on  the  diain.  The  operation  takes  35 
to  30  minutes. 

* 

Compagnie  anonyroe  de  touage  de  la  Basse  Seine 

et  de  rOise  {a), 

1  bis  Company  work.s  the  river  Oise  and  the  Seine  between  Conflans  (mouth 
of  the  Oise)  and  the  lock  de  la  Monnaie  in  Paris. 
It  possesses  7  tow-boats  of  which  the  dimensions  of  5  of  them  are : 

LenRth   32,00  m. 

width   f,j*\  . 

Draagbt  of  w«t«r    ....  t.ao  • 

and  of  the  2  others : 

Lenk'tli   42.10  iii. 

WtJUi   MO  < 

Dmmbt.   090  • 

Indicated  bone-pow«r  ...  110  « 

At  high-water  (when  the  dams  are  lowered)  these  boats  can  draw  5  pimtkes 

(1400  tons  nett  weight)  at  a  speed  of  jVj  km. 

With  favorable  high-water  in  summer  the  load  of  the  tow-boats  might  be 
trebled,  but  generally  comjilete  trains  do  not  consist  of  more  than  la 
piniches  (3400  tons)  and  tiavcl  at  4^2  km. 

The  Company  established  in  the  course  of  the  year  1892  magnetic  towage 
as  previously  described. 

Compagnie  de  touage  de  la  Haute-Seine  (^). 

This  Company  works  the  section  of  tbe  Seine  comprised  between  the  lock 
de  la  Monnaie  in  Paris  and  Montereau,  on  a  length  of  175  km. 

(a)  lafornuuion  furnished  by  M.  de  Bovkt,  Diiecteur  de  bi  C'". 
t6)  InfoTvnttom  finnialied  Iqr  Bf.  Lasholuh,  Directew  de  la  C>«. 


Digitized  by  Google 


m 

The  tov-boate  have  the  following  dimensioiis : 

Usnsib   xtjoo  m. 

Width   (UM  > 

Dnaglit   aw  • 

Bane  pomr,  iboat    ....  aft. 
Maxiniim  bniNlMdl,  abdvt  .  isoo  tons. 

Sp«ad      .  4  km.  pprbour. 

For  sevefal  years  post  die  service  has  been  worked  both  by  day  and  by 

night. 

The  C  ompany  also  possesses  three  screw  tug-boats  of  150,  178  and  aoo 
horse-power  respectively. 

Compagnie  gdnerale  de  navigation  HAvre-l'aris- 
Lyon-Marseille.  (a) 

Tow-boal;  employed  on  the  Yonne. 

Lon«;th       ......      35.00  m. 

Wfdtli  .......       $M  * 

Dnuasht  am  • 

Power  of  engine :  50  to  75  kilo  on  the  pistons. 

Usual  load :  3  ^Oifs  or  tuies  of  38  m.  and  one  of  30      torming  a  tonnage 

of  500  to  600  T. 

Cunsumjidon  nf  fuel :  about  45  kilo  per  hour. 
Speed  ascending :  about  5  km.  per  hour. 


ANNEX  111. 
Towing  by  means  of  tugs  on  rivera. 

Soci^t^  anonyme  des  Messageries  nationales  (^). 

This  Company  works  the  service  of  the  Seine  between  Paris  and  Havre ; 

its  principal  transport  is  wine. 

It-s  plant  consists  of  4  tug  boats  4  tui;  <  argo-boats,  and  20  cargo-boats. 
The  tugs  have  up  to  300  imlicated  horse-puwer. 

The  tug-  cargo-boats  have  a  tonnage  of  300  T.  and  300  horse-power. 
They  are  supplied  with  water  ballast. 

The  cargo-boats  are  of  varioos  types,  die  hugest  are  of  ircm,  with  a  length 
of  55  m.  and  a  tomu^e  of  750  T. 


i'i)  Inrormation  furnished  by  the  Administratcur  drl^gtid  de  la  C"'. 

(6)  Infomittimi  furaished  by  M.  Babin,  SecrtetrednConseUd'AdininittnuioitdeUSodM. 
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Cotnpagnie  generate  de  navigation  HAvre-Paris- 

Lyon-Marseille  (a). 

Tug-boats  on  the  Upper  Seine  from  Paris  to  Montereau. 

The  company  possesses  two  types  of  tug-boats : 

i»»  Type. 

t.«t«th  Moa.  town.  i 

Width  4.30  ra.  to  6  lu.        [   1  8oi«ir. 

i>raiight  i.«)o  m.  to  tana  m.  ) 

Engine  130  to  170  indicated  horse  jiower. 

Usual  load  ascending:  4  to  8  jluki  or  touts  (30  to  38  m.)  according  to 
the  slate  of  die  water,  forming  a  tonnage  of  400  to  700  T. 
Consumption  of  fud  120  to  160  kilo  per  hour. 
Speed  ascending  3  to  6  1cm.  per  hour. 

a»*  Type. 

IrWRtll  .     .     ,  StJdOm.  1 

WMtb  ftjOOm.  f  SScnwi. 

Dnngbt  S  m.  to  9.900  Bi  1 

Usual  load  ascending :  4  chala$ids  able  to  carry  800  to  1500  T.  according 
to  the  state  of  die  water. 
Consumption  of  fuel  250  to  300  kilo  per  hour. 
Speed  ascending  3  to  6  km.  per  hour. 

On  the  Upper  Seine  and  on  the  Yonne  convoys  ascending  arc  formed  since 
mechanical  traction  ha-^  been  introduced,  nez  sur  ml.  v'n  with  the  bows  of 
the  boats  rlo?;e  a^aiii>t  the  stern  of  the  one  preceeding  it  and  the  first  boat 
being  about  50  m.  from  the  tug. 

Navigation  on  the  Garonne  (^}. 

On  the  upper  p^  of  the  course  of  the  Garonne  boats  are  towed  on  the 
ascent  and  drift  on  the  descent  Sometimes  diey  are  tugged  as  fiur  as  la  Rfole. 

Between  Castets  and  Bordeaux  (54  km.)  there  are  r^pilar  tug  services;  the 
tugs  can  draw  as  many  as  20  to  25  boats.  The  descent  is  made  monthly  sail- 
ing or  drifting.  When  the  wind  and  the  tide  are  &vourable  some  boats  ascend 
under  sail. 

The  iia\ig>itinn  plnnt  in  use  on  the  (iaronne  nrny  be  divided  in  4  types: 

I*'  Ordinary  boats  for  transport  of  merchandise. 

2°*^  Steam-tugs. 

3    Stcan  cargo  boats. 

Steam  passenger  boats. 
We  win  speak  here  of  die  two  first  classes  only.  The  two  others  will  be 
described  in  Annex  IV. 

(a)  lofonoAtion  farnished  by  the  Administrateur  ddl^ai  de  la  Compagnie. 

(b)  iDfernation  fnmialied  by  M.  CftARav  oa  FaANCKmoirr  Ingtelenr  cd  Gief;  and 
MM.  SsttrtLLift^  and  KAvrniAHN,  Ingiuiedts  do  Pontt  et  Chaassto. 
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Ordinary  boats. 

They  are  keeled  or  flat-bottomed;  and  they  navigate  under  sail,  or  with  oars 
or  are  tugged,  llie  principal  tyjpts  with  their  dimensions  are  given  in  the 
foUowing  table: 


Nam*!  and  types  of 
the  boat«. 


Ordinaty  dimensions. 


Lsnglli. 


Width. 


Depth. 


T 


Average  I 
tonnage. 


rTOpOf  no- 
nal  part  of 

each  type. 


l»t    Kwl  boats. 

1.  Gabare   16.00  m. 

2.  Sloop   14.50 

3.  Yoh(c&\\f4decommissioH)  .  9.00 

ioi  FkU-botUmted  boaU. 


4b  Ooarsaa  .  . 

5.  Cotrillon  .  . 

6.  Sapine  (open) 

7.  Poato  (dMked) 


25.00 
25.00 
85.00 


5.30  m. 
5.00  „ 
2.50  . 


&60 

5.00 
5.00 
5.00 


1.80  m. 

1.80  „ 

1.10  „ 

IM  « 

2.00  „ 

l.fi0  „ 

1.60  . 


45 
45 
45 

55 

145 

i:!0 
90 


15  "/o. 
5  "/^ 

15  \. 
30  V 


With  the  wind  l>ehind  them  the  flat-bottomed  boats  make  as  much  as  13 
km.  per  hour  with  the  stream  and  5  km.  against  the  stream;  under  the  same 
conditions  the  keel  boats  have  a  less  speed  but  they  Mgun  the  advantage 

with  a  head  wind. 

The  di-stance  from  CasteLs  to  Bordeaux  (54  km.)  takes  from  5  to  24  hours 
according  to  circumstances.  The  journey  on  the  ascent  is  generally  much 
longer;  but  with  the  steam-tug  it  is  made  in  5  to  9  hours. 

Steam^tttgs. 

Five  steaml>oa(H  are  c-xt  lusively  reserved  for  the  tug  serx^ce,  but  in  case  of 
need  die  same  service  is  perlonned  by  cargo  boats  and  other  steamboats, 
belonging  to  private  people  or  to  dredging  contractors  or  the  service  of  public 
works;  so  that  in  time  of  pressure  trade  has  at  its  disposal  about  33  tugs 
worked  by  steam,  of  which  1 1  are  widi  screws  and  is  with  wheds. 

The  boats  which  only  serve  as  tugs  are  of  iron.  Their  dimensions  are 
very  variou5>,  those  of  the  paddle-whed  tugs  are  comprised  widitn  the  folio* 
wing  limits: 

Umgtk  SB4M»  B.  to  SiJOO  m. 

WldOi  iM>*«jOO. 

DraiiKbt  a70  >    •    tM  ■ 

Hoiw-power   20  to  ^Ml. 

The  %s.  1  and  a,  PI.  Ill,  represent  two  of  these  boats. 
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The  Cilbert  has  a  length  of  64  m.  and  a  hotsc-power  of  160. 

The  Amand'Dumeau  has  a  length  of  55  m.,  a  width  of  6  m.,  draught  of 
0.70  m.  nnd  Soo  honse-power. 

The  screw  tug-boats  are  smaller  (length  15  to  20  m.)  and  of  less  power 
(70  to  100  horse). 


ANNEX  IV. 
StMii  oargo  boats  and  paaaangtr  baatt. 

Navigation  on  the  Garonne  {a). 

Stciiin  air^o  boats.  'I'hese  boats  earn'  merchandise:  de«;rcnding  thcv  nen-e 
as  tugs  to  ordinary  boats.  Their  hull  is  of  iron.  The  jiaddlc-wheels  are  placed 
aft  and  do  not  exceed  the  width  of  the  hull  so  as  to  permit  of  their  naviga- 
ting the  canals. 

Th^  are  nine  in  number.  Thqr  take  6  to  8  hours  to  ascend  from  Bor- 
deaux to  Castets  (54  km.)  and  about  4  hours  to  descend. 
Their  dimeonons  are  as  follows: 

Lm«tti   s?j|  m.  to  sun  10. 

'YUtb   «M  •  •    s.io  . 

l>rHiii;bt  piuitty   n.M  >    «    OJi'J.  « 

«       loadod .      .....       1  .''  I  -   «    LW.  • 

iDdicatod  bone-power   .     .  .  9U  to  30. 

Awnfo  toBiHWP   M  tons. 

Passenger  boats. 

On  the  Garonne  above  Bordeaux  there  are  several  i)assenger  services  exten- 
ding from  Kordeaux  to  Agen»  to  La  Reole,  to  Castets  and  to  PatUet  They  are 
worki'd  by  the  Compa^nir  Girondi-  et  Garonnf. 

'i'hese  l)oats  are  all  of  the  same  type;  they  arc  of  iron,  very  long,  not  very 
wide,  and  are  not  deeper  than  0.55  m.  to  0.70  ni.  The  engine  is  in  the 
middle  and  governs  directly  the  propelling  wheels  which  are  at  the  sides. 
These  boats  have  two  cabins  for  passengers,  one  fore  and  another  aft.  Passen- 
gers may  also  make  use  of  the  whole  length  of  the  deck,  where  chairs  and 
benches  are  placed  for  their  accomodation. 

The  dimensions  and  the  ijower  of  these  boats  are  nearly  tiiC  same. 

The  length  is  from  52.80  m.  to  f)2,6o  m.,  the  width  from  3.70  m.  to  4  m.. 
the  horse-power  from  36  to  70  and  the  speed  from  \z  to  15  km.  per  hour. 
(See  PI.  Ill,  fig.  3). 

Two  boats  more  particularly  devoted  to  the  service  of  -\gen,  tlie  Lot  ct 
Gar&tm  N"  i  2  deserve  special  mention.  They  show  in  foct  both  in 
speed  and  anangement  very  considerable  progress. 


(a)  S«e  above  Annex  111. 
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These  boats,  the  dimensioiis  and  anangemmts  of  whidi  are  similar,  are 
built  of  iron  and  fitted  with  paddle  wheels.  N«  i  was  put  in  service  in  iSqov 
and  N*  3  in  1891. 

They  have  the  following  dimensions:  length  64.60  m.,  width  3  m.  and  a 
draught  when  Inarlcd  of  0.70  m.  The  hulls  were  constructed  at  die  shops  of 
M.  La»,\  I  ,  iny^t'riirur  l  iinstnutfur  in  Bordeaux. 

The  engines,  on  the  compound  svstem.  Avith  two  boilers  were  made  in  the 
inanutactory  of  M.  SAikk  al  I.yons.  They  have  320  horse-power  and  use 
exclusively  Cardiff  coal. 

The  speed  of  both  die  Lot  et  Garmne  is  superior  to  tliat  of  any  other 
boats  navigating  above  Bordeaux;  it  reaches  35  km.  per  hour.  These  hq;h 
rates  of  speed,  so  iavourable  to  fiiciUty  of  communication,  are  the  cause  of 
difficulties  with  respect  to  the  preservation  of  the  banks  of  the  waterway, 
and  tiiey  impose  the  necessity  of  serious,  precautions  to  obviate  damage  being 
occasioned  to  the  ordinary  traffic. 

Formeil\,  the  distance  of  160  kilometre  Itftwccii  Itonleaux  and  Agen 
took  13  hours  in  ascending  and  11  hours  descending;  whereas  now  it  does 
not  take  more  than  S'/^  hours  ascending  and  7  hours  descending,  notwith- 
standing diat  the  steamers  have  to  serve  38  stations  and  diat  some  delays 
are  very  long  on  account  of  the  Uoge  quantity  of  merchandise  loaded  or 
discharged  at  certain  important  places. 

These  boats  are  comlbrtably  fitted  out;  cabins  fore  and  aft,  a  saloon  and 
fi-ee  deck,  and  can  carr)-  500  i>assengers  each. 

The  staff  is  composed  of  r  master,  3  engineers,  4  stokers,  i  coaltrimmer, 
I  clerk,  t  jtorter,  4  sailors  and  i  boy. 

A  very  active  (»a->»scnger  service  is  vvorkc<l  in  the  neighbourhood  of 
Bordeaux  by  small  screw  steamers  {gondoles  and  hirondelUs). 

These  boats  are  15  to  23  metres  in  length,  3.30  to  5  metres  in  width, 
have  a  draught  of  t.05  m.  to  1.65  m.  and  a  horse>power  of  i a  to  50. 

Their  speed  averages  12  km.  per  hour;  and  they  carry  from  75  to  120 
passengers. 

ANKBX  V. 
Navigation  on  canals. 

Societe  anoiiyme  de  navigation  <;!ir  les  canaiix  du  Centre 

The  Company  works  principally  the  lines  tVoin  Taris  to  Kuanne,  from  Paris 
to  Lyons,  through  central  France,  aiul  ilic  l>crr>  canal,  i  raction  of  boats  is 
effected  by  animals,  and  in  particular  by  donkeys. 

(.(!>  InfonuUion  furnished  by\|.  VoLAND,  Diractenr  of  the  Company.  The  report  which 

has  been  sent  us  by  M.  Vonsn  al«f>  contains  particulars  of  ^reat  interest  concernin^j 
the  ori(;in  and  org.anisation  of  navigation  on  the  ways  of  central  France.  Wc  do  not  give 
them  in  this  report,  the  ohject  of  which  is  ahaolntely  special,  but  we  hold  them  at  the 
disposal  of  onr  coUcanucs, 
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The  plant  b  on  a  snudl  model  as  tiie  water  ways  in  use  are  not  everywhere  ot 
the  regulation  dimensions.  The  boats  are  30.50  m.  in  length,  s-^S  ni.  in  width; 
thQr  draw  1.40  m.  and  can  caity  150  tons.  The  Company  possesses  340  of 
tiiem.  The  ^ed  is  about  15  km.  in  24  hours. 

Canal  lateral  ^  la  Loire 

The  herruhm  !)oats  w  hich  can<;tinite  ','3  of  the  craft  frequenting  the  canal  are 
towed   by  tiieir  owner  assisted  by  one  or  two  tionkeys  and  oftt-n  l)y  chilHren. 

Large  boats  are  towed  by  two  men  alone  or  assisted  by  a  donkey 
or  a  mule. 

The  speed  of  these  boats  varies  between  1800  m.  when  loaded  and 
2500  m,  when  emp^. 
For  a  large  boat  carrying  r5o  tons  of  wood  the  price  of  the  traction 

between  Nevers  and  St,  Mammfe  (208  km.),  including  the  journey  going 
loaded  and  returning  empty,  may  be  estimated  at  fr.  aoo466  per  net  kilo- 

metrir  ton,  the  freight  being  in  general  to  fr.  0.017. 

For  the  bertichon  boats  which  carry  only  65  to  80  tons  the  traction  rates 
under  the  same  conditions  may  be  estimated  at  fr.  0.0051,  the  price  of  the 
freight  being  about  i  centime. 


(fr)  lofonoation  fumisbod  by  M.  Mazoykr,  lag^meur  en  chef  des  PonU  et  Qutissees, 
and  M.  Cl«ky,  Ing^nieur  da  Poott  ct  Chswwto. 
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The  method  to  organize  different  systems 
of  traction  on  rivers,  canals  etc. 

BY 

A.  D£  BOVET. 


I. 

Utility  of  oanals  and  navigable  rivers.  They  should  be 

constructed  at  public  cost.  The  intervention  of 
the  government  in  their  management  is  right 
if  the  government  ean  be  of  use. 


In  a  veiy  intereBtiiig  teport  fweseiited  by  Mr.  Dbromk  at  the  Sixth 
International  Congress  by  which  he  finished  his  study  on  ihe  means  of 
traction  med  on  diffemit  canals  in  the  north  and  east  of  France,  he 
resumed  m  follows: 

,,Thp  canals  and  canalized  rivers  are  means  of  conveyance  constructed 
„at  public  cost  altogether  for  general  use.  It  is  a  duty  for  Uie  government 
„tD  manage  them  to  obtain  the  greatest  profit  and  at  the  eame  time 
„woxk  them  on  the  most  econmnical  system  for  commercial  and  mann* 
„factiiiing  enterprises." 

We  also  said  :  that  they  have  to  be  worked  to  the  greatest  interest  of 
commercial  and  manufacturing  pnipossSi  but  we  can  only  take  part  in 
that  idea  on  that  special  condition. 

CoRveyance  by  water  or  by  railway.  —  Their  oampetltlon. 

Tlip  qiu'i^tion  of  the  tnie  ohuracter  of  means  of  conveyance  hy  water 
hm  often  been  and  will  still  be  discussed. 
Some  say  tlwt  they  are  of  good  assistance  for  railways  to  convey 
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poiid«iou8  goods  of  little  ▼alne,  whk^  the  n^way  oomponiis  am  flioiifEht 
to  be  glad  to  get  rid  of.  That  way  of  oonsidmiig  the  queatioii  ia  not 
eaeily  accepted  among  the  railway  eompaniefti  Othets  believe  timt  eanalfl 

anfl  rivere  are  above  all  competitors  of  railway  linos,  even  for  all  sorts 
atifl  all  qualities  of  goods  and  j)r(noke  l)y  that  competition  low  freighte 
that  priKlurcrs  and  ronsumfrs  are  the  only  l>eneiitor8. 

BMwfcn  these  extrein^H  tliere  \h  jjlare  for  diflfprcnt  other  opinions  that 
most  likely  would  hr^  more  tnie  and  all  of  them  mu«t  naturally  conclude 
that  canals  and  navigable  rivers  aie  of  tiie  gnatest  utility. 

It  cannot  be  contested  that  tracScs  and  boals  can  be  need  for  all  kinds 
of  merchandise. 

In  practice,  wheie  both  means  of  conveyance  exist,  a  sort  of  clsasification 
takes  place,  heavy  goods  wanting  low  frraght,  that  manufacturers  receive 
by  ^reat  quantitiss  and  which  are  not  Qigent  go  generally  by  water, 

others  hv  rail. 

It  is  siiiiply  a  comm«^rcial  question  for  which  there  can  \ye  no  question 
of  reguhitions  and  it  would  be  even  ditiicult  to  classify  as  Uiere  would 
be  too  many  sorts  of  goods  that  it  would  be  difficult  to  dsss  and  these 
would  be  the  special  object  of  competition  between  the  two  means  of 
0(Hiveyance. 

Taking  another  point  of  view  we  believe  that  it  is  impossible  that  canal 
and  railway  would  not  compete  if  they  have  the  same  direction  and  distance 
but  on  the  other  hand  if  the  one  or  the  other  be  the  continuation,  the 
interest  would  1)0  mutual.  I?nt  generally  the  partn  of  a  country  whert^ 
canals  or  rivem  exist  that  will  also  be  the  centre  of  conmiercial  and 
manufacturing  undertakings  and  the  spot  of  the  great^ttrailc,  subsequently 
the  places  where  most  important  railway  lines  will  be  mn. 

We  believe  that  for  this  reason  a  canal  aiid  a  railvray  line  will  always 
be  rivals.  In  certain  countries  they  agree  and  we  think  they  are  quile 
ri|^t;  but  in  other  they  simply  submit  and  we  could  point  out  different 
railway  Hnpf  who  do  their  host  to  hinder  tts^  much  txa  possiVde  the  loading 
of  noodn  from  truck  to  boat  aud  vice  versa.  This  does  not  mean  that  ibey 
act  in  their  own  interest. 

Charaater  ui  conteqiMeta  af  the  MSipasHita  iwtwam  raUway 

aid  ahlppiag  Niiat. 

We  have  already  y^id  that  this  (X)rapetition  falls  especially  on  (rnn  1?!  of 
a  certain  kind  whieh  mupt  be  conveyt'd  at  lowe.^t  possible  rates  oihenvise 
it  would  be  found  that  they  are  not  worth  the  carriage;  they  aire  of 
more  consequence  in  bulk  than  in  receipt  of  freight 

It  cannot  thetefore  be  said  that  this  fteitj^t  is  altogether  taken  firom 
the  railway  line  as  a  part  of  this  trafic  would  not  exist  if  it  had  to  be 
carried  by  rulway. 
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The  prejudice  done  to  tlie  railway  can  also  b«  disputed  for  another 
lewoD;  this  prejudice  does  not  exist  as  long  as  the  trafic  gives  no  profit 
to  the  ndlway  oompany. 

Qd  the  other  hand  it  cannot  be  oontesteci  that  a  gnat  developiiieiit  of  a 
maniifiictttring  region  which  ia  well  aerred  by  both  meane  of  oonveyaiioe, 
all  honour  ifi  due  to  the  boating  for  its  prosperity.  This  prosperity  does 
not  take  place  without  a  great  developnient  of  all  kinds  of  trafic  and  all 
sorts  of  goods,  If  tlio  shipping  conveys  more  and  more  the  rough 
material  the  railways  do  the  same  with  the  manufantar^d  article;  the 
first  part  does  not  increase  without  increasing  t^e  ticcond  and  it  cannot 
be  a  diaadyaatage  fiir  Ihe  railway  if  it  loeea  on  one  Bide  the  longh 
material  at  low  freighte  to  gain  a  more  finished  article  at  hi|^  rates.  For 
inrtanoe  in  Fnance  the  Compagnie  dn  Nord  is  man  than  any  other  line 
in  rivalry  with  many  canals  and  rivers  of  great  tiafic  and  that  is  the 
only  Company  who  has  not  to  aslc  the  guarantee  of  the  government. 
Among  all  the  lines  of  the  Compagnie  de  I'Ouest,  the  one  rnnninji:  from 
Paris  to  the  Havre,  parallel  to  the  Seine  on  its  whole  length,  is  we 
believe  the  one  that  renders  the  greatest  profit.  These  arc  substantial  proofs. 

We  will  take  another  example  of  a  different  nature.  lU  is  easy  in  con- 
snlting  a  map  to  see  that  the  valley  of  the  Rhone  prolonged  by  the 
valley  of  the  Donbs  and  SaAne  form  means  of  conveyance  betwem  the 
Heditornmean  and  all  central  Europe  tm  the  nmrth  of  the  Alps. 

The  diiHoulty  of  navigation  on  the  Rhone  has  not  been  resolved  up  to 
the  present,  but  as  soon  the  question  will  be  successfully  cleared  it  i'^ 
be  hoped  that  the  trafic  will  be  much  greater  than  )>efore.  The  P.  L.  M. 
Company  will  perhaps  loose  a  eertiin  qn«intity  of  goods  that  it  transports 
actually,  but  will  it  nut  regain  the  loss  and  perhaps  more  by  the  increase 
of  another  kind  and  quality  of  goods?  On  our  part  the  answer  is  without 
doubt  and  it  is  theref^  that  we  have  already  said  that  all  profits  can  be 
combined  in  the  competition  of  truck  and  boat 

The  influence  of  shipiung  by  canal  or  river  has  the  efieot  of  developing 
the  commercial  activity  in  the  region  where  it  psaaes  on  account  of  certain 
low  rat<'s.  But  the  class  of  gcwds  that  can  he  conveyed  l)y  water  to  profit 
of  the  low  freight  are  undetermined;  tlie  interest  of  the  railway  Com- 
panies is  to  diminish  freights  as  much  a.s  possible,  which  they  try  to  do 
in  reducing  their  taxes  lor  ail  goods  in  the  badly  determined  limit  that 
we  have  shown* 

In  pnictioe  these  redactions  extend  to  other  goods  and  other  railway- 
lines  by  a  sort  of  attraction  and  also  b^re  the  impossibility  of  continu* 
ally  niaintainiing  great  difietences  between  tarilb  exbting  on  other  lines 
of  the  Company.  That  influence  of  canals  on  railway  freights  has  often 
been  pointed  out  ;  it  is  of  the  highest  imjTortance  and  justifies  sufficiently 
the  part  that  is  allowed  to  canals  and  rivers  in  the  development  and 
prosperity  of  a  country. 
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Water  ooums  being  made  of  public  cost  the  governmeot  has  the  right 
to  take  part  in  their  managemeiit. 

In  Older  that  these  means  of  conveyance  can  be  productful  to  their 
utmost  and  allow  £reight8  which  peimil  the  greatest  extension  it  has  been 
shown  hy  prnctife  that  no  taxes  or  other  such  pums  must  he  received 
in  order  to  cover  the  cost  of  coriRlructing  or  keeping  in  repair,  The 
costH  that  the  goods  should  su])i)ort  are:  loading,  discharging,  towing, 
rent  of  the  boats  and  Balary  of  the  creed.  The  consequence  is  that  the 
cost  of  the  estftbliehing  of  canalB  ad  impioveinait  of  rivers  should  be 
Bai^rted  by  the  govemraent;  this  is  done  nearly  in  all  ooontries 
althongh  different  eoonomieal  managements  may  exist  In  Germany  and 
Belgium  the  govemment  has  also  the  management  of  the  railways  and 
subsequently  it  becomes  its  own  competitw  in  the  managwnent  of  canals 
and  rivers.  Tn  France  also  hecuusn  the  <;overnment  p:uarante€s  a  minimum 
of  revenue  to  fill  Railway  Companies,  and  in  the  United  State^^of  America 
where  a  part  of  public  revenue  is  employed  to  help  private  undertakings. 
M'.  Boa  ART  in  liis  report  to  the  6'''  International  Congress  pointed  out 
that  publie  interast  still  finds  its  profit  in  this  way. 

This  ^tem  of  mani^ment  has  been  contested  and  it  has  been  oUumed 
that  the  capital  used  fi»r  the  development  of  canals  and  riveia  shoold  be 
employed  in  a  more  profitable  manner  by  giving  these  sums  to  the 
Railway  Companies  to  enable  them  to  reduce  their  t^fs  to  the  limits  of 
those  existing  on  canals;  al«o  that  railway  lines  escape  nearly  altogether 
from  the  accidental  causes  of  non  employment  (ice,  Hooils  etc)  and  represent 
a  material  much  more  perfect  that  can  suffice  auijiiy  to  all  wants, 
therefore  it  is  not  necessary  to  have  other  means  of  conveyance. 

We  do  not  believe  this  and  we  satisfy  onnelves  in  asking  how  tiiat 
limit  would  be  fixed  if  the  canal  is  no  more  there  to  impose  its  freights 
and  in  which  measnre  the  gov^ment  and  its  agents  could  appreciate 
exactly  the  limit  of  the  cost  price  and  pn^ts  of  a  manufacturer. 

We  believe  the  usual  action  of  the  Government  in  constructing  canals 
and  canalized  rivers  quite  useful  and  justified,  however  under  the  condi- 
tion the  government  will  Hiniply  restraint  itH  |K)wer  to  the  natural  condi- 
tions of  the  difierent  part*  of  the  country;  the  sacrifices  that  are  iunxja«d 
on  the  public  treasniy  being  usefol  to  oil  and  subsequently  of  great  profit 
to  the  country. 

In  &ct  if  the  canals  do  not  covw  all  their  ^penses  of  existence  and 

management  &s  a  milway  line  can  do,  it  does  not  mean  that  these  are 
not  paid  indirectly  and  ev<  n  largely  covered  by  the  extension  it  given 

to  the  activity  in  the  mnnnfa  t  iif^s 

If  this  is  so,  it  is  natural  that  their  Vuiilding  comes  undor  the  same 
item  of  public  cost  41.h  the  roads  do,  which  cost  must  be  made  to  enable 
the  country  to  progress  in  value;  these  canals  are  in  reality  ,,artificial 
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lOftdB  eonitmctod  ut  public  ooil  for  genwal  utiliiy  and  the  ooodurion  that 
they  ahoiiM  be  wcnrked"  ia  the  bert  intenrt  of  manufactoring  and  oom- 
mncial  profit  dM>uld  be  a  fint  oonditioii. 

Remark  on  the  measure  in  which  it  would  be  rigiit  to  deveiope 

meaat  ef  eonveyanoe. 

All  what  huB  l)ecn  naitl  makes  one  suppose  that  the  facility  and  small 
cost  of  trunapurt  a  good  thing;  it  is  true  that  men  far  back  in  history 
oonsidered  good  means  of  conveyance  as  a  first  necessity,  not  only  for 
war  purposes  biit'alao  for  mtitaal  exchange  of  produofeL 

To  procure  these  they  did  not  draw  back  before  any  amoant  of  trouble 
and  pains  whidi  these  works  gave  them  and  that  proves  the  great  impor> 
tance  they  attributed  to  these  roads.  It  is  only  untill  a  recent  date  after 
having  ])erfocte<l  slowly  the  means  that  they  possepf^ed  since  iinmy  centuries 
tliat  the  steampower  and  its  use  in  ni^vi<T!itin!i  and  transport  ny  rail  came 
suddenly  to  the  help  of  the  means  o!  cunvtyance  and  brought  them  far 
ahead,  in  a  few  yeans  ihti  world  has  become  small  if  one  measures  the 
time  and  distance  that  is  wanted  to  travel  overit^butintheaamemessttre 
the  lands  aocesaible  to  be  cultivated  have  alao  ccmdderably  increased  and 
as  the  value  of  each  thing  is  regulated  by  the  abundance  and  penury  of 
offer  and  demand,  the  preceding  stability  was  altogether  overthrown. 

The  threatened  interests  have  naturally  been  forced  to  defend  them- 
selves; the  necea<?ity  was  evident,  and  the  choice  of  the  means  used,  have, 
as  always  in  those  cases,  been  the  object  of  criticise  that  still  exists.  The 
great  facility  und  the  low  cost  of  conveyance  renders  the  buying  of  foreign 
products  at  far  oil  markets  posaible  and  Belling  home  made  goods  by  the 
same  way;  the  result  is  a  reduction  in  general  of  cost  prices  and  permita 
a  country  to  buy,  sell,  consume  or  manufacture  larger  quantities  of  goods. 

Fw  some  tlra  oonsequenoes  were  unavoidable;  wisdom  consisted  in 
accepting  them  openly  and  to  procure  the  implements  necessary  to  the 
extension  given  to  manufacture  and  commerce. 

Others,  more  particularly  struck  by  the  overthrow  and  threatened  in 
their  {tosition  by  the  transformation  in  the  manner  of  transport,  thought 
it  necessary  to  iind  a  guarantee  m  customs-duty,  not  in  the  idea  tu  till 
tlie  public  treasury  or  to  sustain  the  establishing  of  the  new  transforma* 
tions,  but  simply  to  wcvk  against  the  invasion  of  their  market  foreign 
products. 

The  first  system  pushes  to  the  extension  of  commercial  interchange  and 
profits  of  ail  things  by  which  it  can  be  &vouTed  and  especially  requires 

cheap  and  iK>werful  means  of  conveyance. 

The  second,  revokes  the  result  that  it  would  l>e  in)S3il)le  to  expect  from 
the  extension  of  the  ])rovision  market  and  maintains  prices  of  all  things 
above  their  real  value;  it  restraints  on  the  contrary  the  qauntity  of  goods 
that  the  manuftt^ureni  could  produce  with  their  implements,  diminishes 
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greatly  the  interchange  and  subseqaently  the  tianepott  for  which  it  is  then 
not  neoeasary  to  oonstmct  meana  of  conveyance  aboYe  the  limited  wante. 

Wo  must  remark  that  in  thai  ease  tlie  utility  of  searching  a  maximum 
of  capacity  and  a  minimum  uf  freight  in  a  country  which  is  imposed  by 
laws  that  kills  ita  effect?  forms  a  literal  economical  incompfehension.  If 
the  direct  interference  of  the  government  may  become  necesnarv  for  the 
establishing  of  certain  means  of  conveyance,  that  iuterpositiuu  must  pro- 
duce itaelf  in  a  measure  that  aooords  with  the  accepted  oommerdal 
management  and  which  may  have  chance  of  being  kept  by  the  oonntry. 

For  oar  part,  we  cannot  believe  that  men  who  have  improved  the 
relationship  with  other  countries  will  renounce  to  profit  of  th«x  snccaes. 
In  any  case  we  wish  plainly  to  state  and  point  out  what  we  have  already 
said  of  the  ^artificial  means  of  conveyance  ron8trnct<'d  at  the  cost  of  the 
cxjuiitrv"  must  be  those  that  are  in  reality  estAblished  for  public  U!*e,  that 
is  were  there  useful  etlects  must  no^  be  artificially  diminished  or  destroyed. 
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It  is  sometimes  neeessary  to  monopolize  the  different 

towing  serYiees. 


If  it  be  admitted  that  artiflctal  means  of  navigation  must  be  manaf^ed 
in  oommennal  and  manufiMstaxing  intexestB,  it  has  to-be  nid  how  that 
defliraUe  raeolt  can  be  anived  at 

The  working  of  canals  and  canaiized  rivers  admits  the  existence  of  neans 
of  towing  at  the  disposal  of  all  boatiaefl. 

Tho  tnu-tion  of  boats  is  done  by  tngs,  kedgers  or  borsea.  Towing  by 
horses  is  actuiilly  exclusively  limited  to  tlic  traction  on  canals  and  all  is 
dune  to  substitute  in  their  place,  tsleaiu  {iower.  It  in  quite  clear  tiuit  the 
traction  implementa  (we  will  comprine  horsea  untiU  they  will  be  replaced 
by  eomelhing  else)  by  their  high  value  and  epecial  hand  labov  has  more 
worth  than  the  boating  material  and  one  most  be  aeiiaiatad  from  the 
other  to  enable  the  towag(!  to  contiaiie  work  in  order  to  reduce  the  cost  price. 

In  that  point  we  find  that  a  steamboat  for  interior  navigation  is  quite 
a  wrong  thing  and  could  be  compared  to  a  railway  engine  clinched  to 
the  train. 

Beside  that  reason  of  separation  between  the  vehicule  and  its  moving 
power  which  are  alike  for  both  means  of  conveyance,  there  is  still 
another  and  great  difference.  It  is  a  practiGal  neoeseity  that  the  truck 
whieh  is  expensive  rdatively  to  its  small  loading  capacity  must  belong 
to  Uie  railway  companies;  there  are  only  a  few  caaee  that  the  tracks 
belong  to  the  sender. 

It  is  not  the  same  on  water.  A  barge,  for  instance,  is  really  a  cheap 
thing  (about  £  4(X))  instead  of  £  6000  —  that  thirty  trucks  would  cost 
to  carry  the  'same  quantity.  Each  boat  wa!\t,s  at  least  one  man  (one 
man  sufiices  on  canals,  but  generally  two  arc  wanted  ou  rivers)  indep- 
endantly  of  the  steam  power  that  moves  it  Its  mode  of  circulation 
resBemblee  to  the  road  vehicules  where  it  is  not  neoeasaiy  that  the  horses 
belong  to  the  same  ]M»prietor  aa  the  coach;  before  tiie  indention  of  rail- 
ways the  system  of  relays  was  found  very  advantageoiia.  It  ia  therefore 
not  necessary  that  the  baxg^  and  the  propelling  power  belong  to  the 
same  undertaker;  the  boat  can,  suc^  is  generally  the  caso  in  France 
belong  to  the  man  who  directs  it 

With  a  small  capital,  as  barges  are  not  expensive,  the  boatman  be- 
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oamw  a  sort  of  undertaker  if  he  finds  eveiywhexe  means  of  going 
forewaid. 

It  can  be  prcBumed  that  the  annual  cuat,  keeping  in  repair,  amorti- 
zation etc  of  a  barge,  will  amount  to  a  higher  BUm  if  it  be  in  the  hand 
of  a  company  who  paya  the  wages  to  the  boatmen,  than  if  the  barge  is 
directed  by  its  proprietor.  As  to  the  question  of  finding  the  goods  to 
transport  if  iim  costs  more  to  a  separate  boatman  it  would  nut  be  diiii> 
cult  to  form  an  association.  Undoubtedly  Companies  can  be  formed  who 
poeeees  not  only  the  barges  but  also  the  steam  power  and  nothing  ehoald 
be  dome  to  impede  the  working  of  any  arrangement  in  that  way. 

But  if  it  be  admitted  that  there  is  a  great  advantage  to  fiivor  or  at 
least  to  facilitate  any  private  enterprise  of  one  individual  man  he  must 
at  le;ist  find  means  of  traction  wherever  he  goes  without  being  forced  to 
pa?s  through  tlie  hands  of  a  Company  of  conveyance  who  being  a  rival 
would  think  more  of  competing  than  of  giving  aid.  It  may  hapj>en  that 
there  exists  a  Company  having  implements  of  traction  who  lets  its  help 
to  all  boats  in  geunal;  that  would  be  the  best  oigAahHilloa  to  arrange 
all  interests. 

The  prindpal  thing  is  that  all  ptivate  boatmen  can  always  find  means 
of  being  towed  and  not  be  obliged  of  domg  so  himsel£ 
How  must  the  service  of  traction  be  organized? 

We  have  already  explained  which  are  actually  the  means  of  traction 
employed ;  we  do  not  intend  to  study  the  technical  jH>int  but  simply 
examine  the  qu^tion  as  to  the  most  profitable  way  of  using  these. 

Mvsrs  and  etnals. 

It  is  easy  comprehend  that  the  management  of  a  river  is  different 
to  the  management  of  a  canal.  The  first  may  be  simply  made  regular 
by  embankmentd  or  caualii^d;  in  both  cases  they  are  apt  to  have  large 
sluices  who  can  receive  one  or  several  boats  at  once.  It  can  be  compared 
to  a  road  allowing  vehicules  which  go  fiut  or  slow  in  one  direction  or 
the  other  without  being  hindered  and  not  be  obliged  to  ohange  the  speed. 

A  canal  is  on  the  contrary  generally  of  smsll  width,  the  sluices  are 
small  and  numerous ;  it  is  a  path  were  the  pace  of  one  cannot  but  be  an 
hinderauce  to  the  otlier  and  tliere  must  be  a  constant  attention  to  stop 
obstructions  or  accidonti*,  consequently  a  strict  and  even  severe  regulation 
at  certain  places.  There  are  cases,  for  instance  at  the  reaches,  or  elj-e 
wiiere  the  canal  leads  tiirough  a  tunnel  where  it  is  impossible  for  two 
boats  to  pass  one  another. 

Pirtiealar  points     easBls.  The  towage  Is  conpslslvoly  nonopollzsi. 

We  most  first  consider  the  above  particular  case.  The  passage  being 
impoflsible  it  is  evident  that  special  hours  be  observed  for  the  boats 
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goiug  uiie  way  and  thu  euitue  thing  for  the  other  direction.  Mow  Hup|)otiiQg 
ihat  there  is  ooiuddaiible  tniflc  on  the  canal  and  thai  (he  boats  arrive  at 
the  limit  or  near  the  limit  of  drcnlation  it  will  not  snffioe  to  allow 
periods  of  time  for  going  in  one  direction  or  the  other  but  it  would  be 
'  neoeasary  to  oblige  thooe  that  are  at  the  reach  to  malce  place  for  the  new 
arrivals. 

The  undertaking  of  traction  in  such  cases  must  be  monopolized  and 
eflFectively  it  is  so.  We  will  give  as  example  the  towage  done  by  the 
French  Government  at  the  reaches  of  separation  on  the  canal  of 
S>.  Quentin,  the  canal  from  the  Mame  to  the  Rhine,  the  canal  of  Bour- 
gogne.  Generally  the  idea  of  monopole  encounters  in  France  general 
reprobation  and  no  one  thinks*  that  in  this  particalar  case  it  could  not 
be  done  otherwise.  To  counterbalance  the  inconveniences  that  are  gener- 
ally put  forward  there  are  great  advantages,  to  make  a  maximum  use  of 
the  canal  is  not  the  only  one,  but  also  the  advantage  of  the  low  prices 
for  the  services  rendered  We  refer  as  proof  to  the  information  given  by 
M'.  Deromb  in  the  raport  that  we  have  already  spoken  of,  on  the  trac- 
tion in  the  reach  of  repamtion  on  the  canal  S«.  Quentin. 

Altliough  the  prices  given  are  quite  correct  one  mmi  not  take  them  ■as 
basis  before  examining  ihem.  iiie  reason  is  that  generally  in  opera- 
tbns  of  that  kind  done  by  Officials  of  tiie  GovemuMat  many  expenses 
and  diaiges  are  not  counted  notwithstanding  that  they  exist  in  reality 
and  would  <^  course  be  reckoned  if  it  were  a  private  undertaking.  These 
expenses  are:  general  costs,  salaries  of  agents  paid  by  other  revenues; 
interests  and  sinking-fund,  taxes  of  all  nature  etc.  But  still  if  a  coefficient 
is  added  to  correct  these,  the  price  remains  still  very  low. 

Caaals  of  great  traflo.  Tiie  monopoly  imposes  itself. 

The  difficulties  arising  from  the  narrow  width  are  not  limited  to  the 
few  sections  that  we  have  iust  noted  where  they  are  important,  they  are 
also  met  on  the  whole  way  of  a  canal  if  there  is  considerable  trafic  In 
the  management  of  these  canals  there  are  two  points  to  be  conndend. 
P.  The  use  of  the  canal ;  29.  the  use  of  the  material. 

To  make  a  profitable  use  of  a  canal  it  is  necessary  that  all  the  trafic 
is  managed  in  puch  a  way  that  at  any  point  of  encumbrance  the  maxi- 
mum of  outlet  is  kep.  The  working  of  a  canal  depend.s  entirely  upon  the 
sluiccH  (the  .'^peed  is  quite  independant);  as  perfect  as  sluices  may  be 
the  boatman  must  not  take  more  time  than  is  strictly  necessary  to  eflect 
the  paesage  of  a  sluice  as  he  mij^t  do  if  he  is  idle  and  careless.  A  stricr 
regulation  is  necssBaxy  and  right  to  enable  a  continual  and  profitable  use 
that*  could  be  hindered  by  the  indolence  of  a  fow.  The  profitable  use  of 
the  working  stock  is  denoted  by  the  number  of  voyages  done  during  the 
course  of  a  year;  that  depends  tner^re  partly  on  the  speed.  It  is  also 
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tobenoted  that  the  moie  voyogw  an  made  the  more  the  flceight  for  each 
voyage  can  be  reduced  and  greater  the  tcafio. 

The  points  to  be  attiuned  are  dear:  at  the  sluices  u  scrvioe  to  enable 
quick  i^ssages;  on  the  way  a  speed  that  the  sluices  do  not  stop  wotk 

while  others  be  enciinihcred ;  and  the  speed  regulated  to  realiee  an  econo- 
my on  tlie  traclioi).  It  is  to  be  supposed  that  this  can  never  be  realized 
if  eac^h  boatman  choo^ea  his  uwu  »yi«lem  of  traction  and  the  result  is 
that  the  means  of  traction  should  be  monopolised.  We  will  give  as 
example  the  canal  of  S^.  Qnmtin  and  othem  of  that  region  where  great 
trafic  is  continual  and  whwe  after  many  diffwent  emaye,  the  aerrioe  ot 
tractioii  has  been  granted  by  lots  to  difibrent  nndertakere  who  have  the 
monopoly. 

One  of  the  results  is,  low  prices  and  not  so  expensive  as  on  the  lateral 
canal  of  the  Oise  to  tlie  Oiue  where  trafic  is  quite  as  considerable  and 
where  the  boatmen  have  more  choice  in  tlieir  means  of  traction. 

Evidently  it  is  on  account  of  the  regular  service  that  these  low  prices 
exist  and  that  the  loads  be  of  some  consequence.  On  canals  where  trafic 
Is  not  so  great  and  where  sluices  work  only  oocadonally  it  can  be  allowed 
that  boatman  find  their  own  means  of  traction,  for  instance  horses  that 
they  own  or  else  that  the  inhabitants  of  the  region  prooure  them;  but 
it  is  to  be  supposed  that  any  canal  has  actually  or  will  have  in  futnre 
Buffident  tiafioy  otherwise  its  oonstmction  is  not  justified. 

Traotion  bij  steam  power.  It  h  to  be  foreseen  that  Its 
reallsatroa  will  neoeasitate  monopoly. 

We  will  suppose  that  the  problem  of  &e  traction  by  steampower 
on  canals  will  be  satiB&etorily  realiied  in  future.  The  result,  whatever 

it  may  b^  must  enable  the  sepanite  traction  of  IkkUh  who  would  have 
to  pass  separately  through  sluices;  it  must  admit  in  an  undetermined 
way,  the  distrlljution  of  a  certain  amount  of  work  among  the  different 
crafts  all  aloni;  the  canal  and  will  necessitate  high  cost  of  estjiblisliinp, 
Mr.  M.  Lkvy  valued  the  cfjst  of  a  funiculary  installation  at  ^  to  25000 
francs  per  Kilometre  (1270  to  1580  £  per  mile)  and  it  is  to  be  supposed 
that  it  would  be  impossible  to  redaoe  that  estimation. 

The  application  can  only  be  tried  on  canals  with  great  trafic;  and 
even  on  such  canals  the  cost  of  the  management  which  would  have  to 
be  added  to  the  heavy  cost  of  establishment  could  most  likely  only  allow 
a  price  sufficiently  low  on  the  oondition  that  the  whole  trafic  pass  through 
their  bands. 

We  believe  also  that  on  other  terms  uo  capital  could  be  found  for 
such  an  opemtion.  Another  reason,  for  instance  if  the  propelling  jKjwer 
had  to  use  the  lowing  path  it  would  be  impossible  to  allow  horses  use 
the  same  path  or  if  the  establishment  of  the  installment  of  sleau  power 
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would  be  too  heavy  if  it  would  be  necetuary  to  leave  the  t0wfaig-|iBth  ficee. 

Some  eystems  anong  those  known  have  lead  to  a  monopoly  by  their 
insuocenftil  leeultB  and  even  to  precise  regnlationB  for  their  woriung;  for 
instance^  the  Bystem  of  Mr.  Haoiucb  Lbvy  by  which  the  boats  going  one 
way  mnat  alternatively  take  at  the  reaches  the  ties  of  ev  en  or  uneven 
numl>er8  and  if  they  do  not  do  bo  they  desorganize  the  whole  service. 
Other)  do  not  impose  to  the  boatmen  such  strict  obligations.  But  we  do 
not  think  that  any  will  succeed  if  they  have  not  the  mono|K)ly. 

To  resume,  we  lind  that  it  is  necessary  to  monopolize  the  means  of 
traction. 

m 

OmmHsM  fivert.  The  «MM»pely  tf  IrMllei  to  Ml  HMMawy  to  ttt  mim 
dtgm  at  on  eamis  altlMioh  It  «ay  b«  ifrtiMw  of  nt. 

If  we  pa.«!S  to  rivers  the  caf»ea  difTer. 

The  width  of  the  watx?r  gives  a  facility  of  movement  nnd  will  pfrmit 
ditVerent  modes  of  towage  to  exist.  It  is  interest lug  to  examine  how  in 
practice  the  management  is  done  aad  we  will  take  an  example  best 
known  to  ua.  It  is  well  understood  that  if  we  take  this  particular 
example  it  ia  to  enable  us  to  give  a  dear  exposnie.  We  speak  of 
the  Seine. 

Up  to  1860  the  system  employed  was  a  towage  against  which  tlie  few 
tugs  existing  could  not  compete  with  sucoess.  The  river  had  then  a  small 
draught  and  a  rather  strong  current.  The  organization  of  the  towage  had 
the  great  advantage  for  the  boatmen  to  furnish  at  all  time  necessary 
traction  at  small  coBt. 

As  it  is  qnite  unposnible  to  di^|>ose  several  chains  belonging  to  different 
undertaken^,  the  right  of  placing  one  had  to  be  granted  on  the  presenting 
of  a  bill  of  costs.  Those  determined  did  foresee  a  fixed  tarif  which  could 
not  be  changed  without  the  consent  of  the  manager  entrusted  with  the  survey, 
similarly  to  railway  companies  in  exchange  for  the  monopoly  assumed. 
This  was  quite  natural  as  the  companies  of  towage  had  the  monopoly  on 
aooount  of  tlie  superiority  of  the  system  of  traction  employed  if  they  had 
not  thi!*  monopoly  by  right.  The  adopted  pricefl  were  low  in  winter, 
hich*>!  in  ijummer  on  account  of  the  services  rendered,  but  with  the 
iijonujHjiy  the  compensation  existed  frum  one  Hcjwon  U)  the  other;  theue 
prices  represented  a  reduction  of  (10  pet.  on  the  preceding  ones  and  had 
the  great  and  important  advantage  for  the  conveyance  to  be  of  gr^t  fixity. 

Since  then  the  finishing  of  the  canaliiation  lias  quite  changed  the  regime. 

During  a  great  part  of  the  year  the  current  is  so  slow  that  it  Iiardly 
exists,  even  that  the  boats  going  with  the  current  have  to  be  towed  which 
precedingly  was  not  necessary.  The  kedgers  as  they  are  actually  con- 
structed do  not  favor  thiB  operation.  On  the  contrary,  tugs  have  that 
great  advantage  that  with  the  greater  draught  and  \he  progreee  made  in 
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their  mechanical  oonBtruction  allow  timui  to  cum|>ete  with  succeti  eveu 
during  a  long  period  of  water.  Bat  with  high  water  when  the  burien  «re 
down  and  the  river  tekm  its  natnml  nm,  the  kedgen  regain  an 
advantage  which  is  ao  marked  that  acoording  to  general  idea  if  they  did 
not  exist  the  hoatmen  would  be  badly  eerved  and  piieeB  become  exoeerive. 
Under  these  circumstancCB  the  two  modes  of  traction  are  practised  and 
(luring  the  wet  season  is  profitable  to  one  and  to  the  other  during  sum- 
mer; that  regime  of  eomjmlitiun  would  evidently  he  inHupport^iblc  if  one 
system  would  be  worked  on  fixed  tarifis  while  the  other  kept  its  entire 
independance. 

The  undertaking  of  towing  being  quite  free,  the  preceding  bill  of  coeta 
had  to  be  modified  in  order  to  estabUsh  an  impartial  proportion  between 
the  value  of  the  grant  and  its  obligations. 

The  fixed  tariff  has  been  replaced  by  a  tariff  mammum  below  which 

aJl  liberty  is  accorded  to  the  companies  of  traction ;  this  tariff  is  a  guar 
rantee  for  the  bargomrat  against  excessive  prices  during  the  lapse  of  time 
during  which  traction  is  diffiriilt.  The  necessity  of  thi*^  trnnsforraation 
was  necessary  and  has  begun  a  new  regime  likely  to  continue;  what  are 
it  ronsequence8  with  regard  to  the  unern  of  the  different  modes  of  traction? 

In  the  actual  condition  of  the  Seine,  it  can  be  admitted  that  to  ensure 
a  regukr  trafio  it  would  be  neoeasary  to  use  in  winter  twice  as  many 
kedgsrs  and  four  to  four  and  half  as  many  tugs  as  in  summer,  the 
ability  of  both  being  valued  according  to  ihetr  respective  power.  Kedging 
seems  to  have  the  advantage  on  tugs  to  realise  a  middling  price,  but 
that  is  only  true  if  tlic  trafic  is  of  great  importance. 

To  establieli  a  kedging  service  necessitates  great  cost;  it  is  therefore 
not  possible  to  j)roportionate  the  general  cost  to  the  quantity  of  Ixnits 
towed  at  the  same  degree  as  for  a  service  of  tugs.  It  ii>  the  same  thing 
with  all  undertakings  necessitating  heavy  cost,  tbe  more  production  of 
work  there  is,  the  more  the  cost  price  is  reduced. 

In  this  case  each  mode  of  traction  having  during  a  part  of  the  year  a 
&voiable  period  is  obliged  to  profit  of  that  time  to  attmuato  tbe  loss 
that  the  other  period  has  brought  in,  and  it  eerily  undemtood  that  each 
a  regime  is  not  the  way  to  obtain  the  realisation  of  low  prices. 

In  practice  it  is  indubitable  that  average  prices  of  traction  on  the 
Seine  are  lower  now  than  2o  or  30  years  ago,  but  the  reduction  is  not 
in  proportion  with  the  importance  of  the  works  that  have  been  done. 

But  if  instead  of  taking  the  average  priees  we  take  the  extreme  prices 
it  will  be  seen  that  winter  prices  are  high  and  the  maxnium  hxed  by 
the  bill  of  costs  of  the  towage  undertakinp  higher  for  strong  cumnta 
than  those  fixed  a  few  years  ago. 

The  canalisation  of  tiie  river  has  bettered  the  average  regime,  but  has 
on  the  contrary  exagerated  the  difference  between  the  extremes.  The 
regime  of  prices  Has  differed  in  the  same  sense  as  the  regime  of 
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the  river ;  they  have  become  daring  the  socceenTe  periods  of  the  year, 
more  unequal  than  piecedingly  and  that  cannot  be  a  fiiTotable  condition 
for  the  developemmt  of  undertaking  of  oonveyanoe  by  water. 
We  have  taken  this  parttcnlar  emmple  to  show  more  easily  difficulties 

that  can  be  met  on  a  river  for  the  swvices  of  traction. 

Without  studying  further  this  case,  we  will  retain  this,  that  the  more 
corrections  are  brought  to  the  natural  regime  of  a  river,  the  average  con- 
ditions will  be  bettered  but  the  extreme  prices  prices  will  be  more  con- 
sequent and  greater  the  difference  in  the  terms  on  which  the  traction  of 
the  boats  will  take  plaeei  the  efltet  will  <ii  cotnse  be  greater  on  canaKied 
rlTWs  than  on  thoee  simply  made  regular,  the  costs  of  the  work  on  the 
first  having  been  greater  than  those  on  the  second.  It  can  be  understood 
that  in  certain  coses  the  trafic  would  not  be  so  important  and  that  an 
undertakii^;  who  by  its  monopoly  could  reduce  and  guarantee  fixed 
prises  would  he  a  good  thing. 

There  must  be  no  abuse  made  of  this  remedy  and  wo  believe  that  it 
would  be  more  rarely  used  on  rivers  than  on  canals;  but  we  wished  to 
show  that  it  could  be  right  to  do  so. 

We  will  condnde  in  saying  that  on  canals  and  scHuettnies  on  oansliied 
rivers  it  is  right  to  constitute  monopoles  ct  traction  if  it  be  proved  tiiat 
it  is  for  the  development  of  the  trafic ;  obtain  a  good  and  regular  use  of 
the  water  couises ;  fix  low  prices  and  not  refuse  «  monopoly  if  it  can  be 
of  real  use. 

The  undertakings  of  traction  must  be  obligatory  only  for  boatmen  or 
companies  of  traction  who  have  not  themselves  means  of  conveyance. 
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III. 

The  towage  must  be  intrusted  to  private  undertakings. 


li  gM«ril  th»  governimat  nmt  not  take  ehargi  tf  mMikligi 
liivim  ai  MhridMl  chartAtir. 

We  admit  that  in  certain  case*  it  is  riglit  to  monopolize!  llie  moans  of 
traction  on  canaiR  and  nvors  for  the  totality  or  determined  dasscH  of 
boats  to  make  uae  of  them.  The  monopolies  must  they  be  managed  by 
the  govevDment  or  by  private  individuals? 

We  do  not  hesitate  to  pfononnoe  ounelvM  for  the  sseond  stdutioii, 
thinking  that  there  is  greater  advantage  to  leave  this  right  to  private 
indostry  and  that  there  is  nothing  more  hnrtfol  than  the  int^vening  of 
official  management. 

In  thin  case  the  qurslion  is  not  to  receive  taxes  and  we  believe  that 
governments  are  l>ut  niiddlinf?  transaetorH ;  in  diHerent  rountries  the 
governments  have  tried  and  Btill  try  to  do  bo  but  the  re»uItB  obtained 
are  not  of  nature  to  change  our  idea. 

It  is  not  necessary  to  say  that  if  this  is  tme  the  cause  must  not 
be  found  amidst  the  servitors  employed.  The  real  and  principal  cause  of 
this  inferiority  in  management  is  in  the  nature  of  control  with  which 
the  opwations  are  undwtaken.  There  is  evidently  a  great  difference 
between  a  government  spending  the  income  provided  by  obligatory  tax^ 
and  a  direction  of  a  private  company  who  tries  to  make  the  meet  of  the 
sums  brought  voluntarily  by  the  p'-i^ons  interested. 

Every  one  contributes  to  till  the  public  treasury  and  each  individual 
thinks  that  he  has  a  right  t<^  its  cont<>nts  and  he  tries  to  realise  them  to 
his  own  interests  in  the  form  of  pensions  and  salaries  or  other  works ; 
the  result  is  that  the  government  has  never  leisouieea  enouf^  to  cover 
all  soilicitations  and  still  it  has  to  regulate  the  spending  of  fonds  in 
order  to  respect  all  true  pretentions  brought  forward;  it  <»eates  fltncttons 
to  kam  an  administrative  organisation,  but  generally  it  has  to  submit 
to  agents  who  have  aooess  to  the  vacancies  accosffing  to  certain  mlea 
and  as  it  has  to  give  a  guarantee  that  all  sums  go  to  the  end  pro- 
posed, the  necessity  is  sliown  of  an  enormous  complication  in  the 
administration  and  a  control  according  to  strict  regulations.  This  control 
must  as  much  as  possible  repose  on  precise  and  not  on  £act8  subject  to 
doubi 

But  sudi  an  organisation  cannot  be  applied  to  any  new  undertaking 
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thai  can  bring  in  misMokonings.  This  k  the  ctao  for  the  nndwtakinge 
we  are  now  Undying,  whioh  are  naturally  under  the  law  of  oonstant 
tranflformations  and  of  whioh  the  leeult  is  doabtlbl. 

To  resume  the  governement  baa  to  imbmit  unavoidably  to  organiflatione 
which  tie  its  agents  to  narrow  rules  paralysing  all  idea  of  a  right  to 
making  innovations.  In  general  the  undertakings  that  a  govt  rneinent  has 
no  right  to  take  charge  of,  arc  easily  explained.  They  are  these  of  general 
utility  for  which  costs  are  necessary  that  cannot  bo  entirely  retributed. 
It  can  execute  them  or  else  have  them  done  by  undertakers  at  the 
lowest  ponible  price.  As  an  example  of  undertakings  of  this  kind  we 
wOl  cite  the  oonstraction  of  canalu  and  the  canatiwation  of  riyera  if  taxes 
mnat  not  be  imposed  to  pay  bade  the  oost  of  their  construction. 

On  the  contrary  for  each  undertaking  that  can  realise  a  profit,  the 
government  cm  easily  find  private  enterprises  who  would  feel  disposed  to 
f^ubBtitule  themselves  in  its  place  and  such  a  substitution  can  only  but 
be  advani!ifr<'<>us. 

If  the  f!;*iv»'rmnnnt  can  only  receive  sums  and  spend  tliom  without  id  a 
of  proiit,  private  undertakings  will  find  Uie  greatest  Btimuiant  in  the 
gun  bdng  sitvs  and  the  eiqpenses  covered.  By  their  system  of  manage- 
ment  these  have  a  greater  liberty  of  action. 

The  choice  of  thdr  fiictois  to  whom  they  intrust  the  csre  of  th^ 
opMtttions  is  dictated  by  the  security  thoy  inspire,  they  are  not  imposed 
by  regulations  or  by  competition,  which  is  respectable^  or  else  by  political 
views,  which  is  less  wortliy  of  respect. 

ThfHo  agents  havififr  no  public  power  cannot  he  templed  to  replace 
HiiinctinicB  a  ImuI  retison  by  an  act  of  authority  against  which  all  recourse 
is  very  difficult. 

Thdr  authority  is  not  paralysed  at  every  mom^i  by  street  regulations 
and  the  obligation  to  apply  a  formulary  which  is  often  as  complicated 
for  small  operations  as  for  important  works. 

Being  trusted  by  their  masters  they  can  accept  the  respcmsability  of 
their  acts,  the  appreciation  of  which  will  not  be  submitted  to  a  system 
of  suspecious  control. 

Under  these  conditions  a  new  nndertakin<^  ran  produce  itself  with 
more  chance,  the  useful  ciieel  of  eaeh  indivuiuai  will  be  as  great  as  possible, 
the  work  done  cheaper  and  more  surely  and  it  is  for  these  reasons  that 
we  tiiink  it  right  for  the  government  not  to  undertake  any  enterprise 
that  can  be  done  by  private  industry. 

If  tiis  trsotlos  is  given  In  monopoly,  the  goversmeat  must  siMply  fsni  a  bill 

of  costs  and  survey  tiM  ■ndertakiss. 

The  motives  that  we  have  brought  forward  in  that  idea  axe  genersl  but 
they  still  exist  for  the  special  case  we  have  in  view.  The  government  can 
manage  canals  and  riven  as  it  does  for  latlways.  But  for  that  undertaking 
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must  exist  a  tariff  of  fixed  prioei,  ve31  defined.  It  ie  diffieuli  to  undm- 
fttand  how  it  ooald  appl^  by  its  agents  the  vegime  of  the  new  bill  of 
costs  of  the  Company  of  Towa«:e  on  the  Seine,  which  gives  the  faculty, 
under  :i  fixed  maximum  l<»  follow  all  the  fluctuations  of  the  prices  of 
traction  that  exi<;t  !iceor(Iin<>;  to  the  state  of  the  water  and  the  compeu 
tition  of  other  towage  enterprises. 

Even  with  that  reserve  we  believe  that  sucli  an  enterprise  would  have 
all  probability  of  being  better  managed  by  others  than  by  the  govern- 
ment and  of  heSnag  suocessfhl. 

We  have  had  the  ooesaon  to  dgnal  the  application  of  a  service  of 
towage  in  France  by  factors  of  the  government  divided  in  subterranean 
reaches.  We  do  not  see  the  advantage  of  having  such  agents  besides  the 
one  of  being  empowered  Ity  police  regulatiotis  to  assure  the  circulation 
at  places  particularly  encumbered.  Taken  at  a  technical  jioiut  of  view 
their  ways  of  working  arc  exactly  those  chosen  everywhere  by  private 
undertakings  to  whom  are  due  all  improvements  made  in  the  machinery 
used  £]v  the  traction  of  boats. 

We  must  make  an  ezoeption  for  the  recent  applioatUm  happily 
realised  by  a  distinguished  engineer  on  the  canal  of  Bonrgegne  to  promote 
the  using  of  electricity  as  is  employed  for  the  ninning  d  tramiroyB. 
Should  we  make  a  mistake  in  pointing  out  this  as  an  example  how  a 
strong  will  can  conquer  difficulties? 

The  experimentH  of  funieulary  traction  made  by  Mr.  Maurice  Levy 
at  governujental  cost  cai\  also  be  noted  especially  as  an  exception  isolated 
among  so  many  essays  made  in  the  same  way  by  private  xmdertakings. 

On  the  other  hand  we  must  state  that  the  government  having 
executed  considerable  and  ocatly  improvwients  on  the  Rhone,  the  result 
being  a  progress  in  the  regime  of  the  river,  had  to  leave  in  a  state  of 
uncertainty  the  question,  still  undecided,  to  know  if  the  burying  of  the 
ehain  of  towage  will  still  have  to  be  feared  as  before.  The  question 
is  nothwithstanding  interesting  as  the  trafic  could  he  of  great  importance, 
but  the  current  is  «o  strong  that  it  is  impracticable  for  tugs  or  too 
costly.  But  the  jjovf  rnment  had  allowed  the  credit  for  the  accomplishment 
of  works  and  not  for  essays. 

We  believe  therefore  that  in  certain  oases,  the  traetion  must  be  mono* 
poUied  by  private  industry,  the  role  of  the  government  should  be  limited 
to  the  establishing  of  the  bill  of  costs  that  has  to  be  imposed  for  the 
grantee  and  also  the  survey  of  its  execution. 

Cronditioos  to  be  applied  in  the  bill  of  costs. 

The  true  aim  of  the  bills  of  costs  is  to  guarantee  the  public  against 
posribls  frauds  on  the  part  of  the  grantees  that  is  to  say  insufiBcient 
service  or  too  high  prices.  On  the  otiier  hand  the  recourse  to  a  ipnntee 
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is  that  the  public  ahonld  benefit  of  the  efforts  that  he  will  make  to  a 
lawful  profit.  It  is  therefore  necenaiy  that  the  hill  of  eoets  be  caleulated 

in  order  to  allow  such  profits. 

Exj)erience  proves  that  the  poveriuncnt  can  f^nd  undertakers  who 
acctipt  strict  clauses  enabling  but  limited  gainsi.  VVe  do  not  think  that  to 
abuse  of  this  facility  shows  good  management;  that  cannot  be  the  way 
to  obtain  a  good  ezecntioii  of  the  opeiatioiks  tranBinittBd,  or  the  eyntern 
to  avoid  fiaud  or  ineorrectiona. 

The  other  syrtem  that  guarantees  an  intereei  to  mil^ale  oonditions 
that  at  first  sight  seem  too  bardeosome  to  be  accepted  witliout  some 
compensation  should  also  be  avoided  aa  much  as  possible  as  it  disinterests 
the  <i;rantee  to  accomplish  possible  improvements  and  f5tops  the  principal 
stimulant:  the  allurement  of  a  poB.^ible  profit.  Also,  if  the  imposed  con- 
ditions are  too  large  or  assure  a  large  profit,  the  same  inconvenient 
exists. 

In  one  or  the  other  case,  the  different  cause  produoe  rimilar  effect 
as  that  of  a  manufiictam  who  has  no  competition  on  aoooont  of  proteo^ 

tion  by  eostoms  duties,  and  remains  therefore  in  a  state  of  indolence  and 
stagnation.  The  desideratum  should  be  that  the  conditions  imposed  leave 
a  marge  of  possible  profit  guf!i(  iently  ensured  to  tempt  those  who  desire 
to  work  honestly.  An  error  to  the  advantage  of  the  profits!  is  better  than 
for  less,  becauBt!  the  remedy  is  easily  obtained ;  that  is  that  above  a  cer- 
tain quantum  the  grantee  would  pay  back  a  part  of  tli«  profits  in  propor- 
tion to  the  continued  gain,  but  still  that  there  be  suffidently  left  to 
search  new  improvements. 

These  retakings  could  be  done  by  a  system  of  reduction  of  tariff,  in 
that  way  the  conveyors  and  traotionneis  would  both  be  interested  in 
the  improvements  realized. 

These  pr  fits  could  be  affected  to  the  improvements  made  on  the  river 
or  canal  as  it  is  right  that  the  traction  undertaker  co-operatr.s  when  the 
circumstances  do  permit  these  improvements  as  that  is  a  good  way  for 
them  to  increase  their  trafic. 

The  toll  question  has  been  loi^ly  discussed.  For  some  they  should  not 
exist  under  any  form  and  should  be  completely  suppressed.  For' others 
special  tolls  should  be  received  for  the  improvement  in  detail  of  certain 
works. 

Jlesides  case?  allowing  such  kind  of  transactions  will  only  interest  a 
limited  numtier  of  employers  that  means  that  hitherto  the  government 
has  taken  over  all  the  expenses  for  the  putting  of  the  water  courses  in 
their  present  condition  but  that  in  future  the  boatmen  will  have  to  share 
in  the  cost  of  ulterior  improvements.  One  of  the  reasons  which  most  likely 
does  not  allow  the  coming  to  an  i^reement  is  the  diffienlty  felt  in 
indicating  the  exact  point  which  would  allow  the  going  over  firom  one 
regime  to  another.  If  this  is  the  case,  the  reason  is  doubtless  that  these 
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water  couses  liuve  alie;i<ly  attained  a  vcrv  hmh  degree  of  perfection  or 
that  they  are  nut  at  prebent  of  any  known  utility. 

On  our  part  we  are  convinced  that  on  important  canals  or  rivers  a 
mooiopoly  of  the  service  of  traction  can  give  important  prafitB  vith  low 
prices  and  we  think  that  a  part  of  the  profits  could  be  allowed  to  works 
of  improvement  and  this  system  would  be  better  than  fixing  qpectal  tolls 
to  that  end. 

There  is  a  certain  lien  between  the  correction  of  works  of  art  and  the 
possible  prire  of  towage  ;  the  perception  of  such  a  tax  would  He  very 
easy  as  it  would  be  necetujary  to  make  the  boatman  pay  the  gums  that 

the  is  used  to. 

We  know  that  to  uuike  a  correct  bill  of  costs  is  not  alwayb  easy,  but 
still  we  do  not  think  it  impoinUe.  Thdr  ^cadty  is  only  sure  if  they 
are  closely  surveyed.  Errors  can  always  be  committed ;  and  those  errors 
made  during  the  apfdication  of  any  system  do  not  prove  anything 
against  its  value. 
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rivers  and  riyers  of  natural  flow. 
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The  programme  tixe<i  for  the  study  of  the  question  of  the  better 
eoononuoal  oiganiBation  of  traction  on  navigable  ways  is  the  following: 
„Progrm  naUaed  dnee  the  prsviow  congrm  in  the  appUoaHan  of  vatww 
q^touM  oj  ftnadton  and  0/  propniriam  af  ftoato.  Nm  igwIeiM  amop  mvenled  or 
dfifilMi.  /it/fiMMM  af  (Atf  figrm  of  hoate  and  <ff  the  etmdithn  of  their  turfaee 
on  the  resialanee  to  traction.  SpeM  neceeaary  and  mdiaaUe  for  earffo-hoatit 
tug-hoaU  and  Iow-IxhUa  unlh  their  (rains^\ 

If  we  oontine  ourHolvcs  jibsolut+^ly  to  a  report  on  the  various  ]M)int8  of 
this  prosrammp,  the  rej)ly  to  the  question  in  so  far  an  it  retranlH  the 
Netherlands  couhl  be  made  in  very  few  words.  There  is  no  realiKeil  progress 
and  there  are  no  new  systemB  to  mention.  Dutch  engineers  follow  with  the 
greatest  intwest  the  ramarkable  ezperimentB  in  fantculftr  tmotion  aooord- 
ing  to  the  syBtem  of  M Lsvy,  and  of  traction  by  locomotiTe,  especially 
made  in  France  and  also  in  Gemiany,  as  well  as  the  experimentB  in 
electrical  towi^  according  to  the  systems  of  Mr.  nm  Bovbt  and  of  M'. 
Qaili-ot.  They  are  convinced  of  the  extreme  importance  of  tfie  experi- 
mental researches  of  M'.  GMti.nf:  and  of  M'.  de  Mas  on  the  inOtienee 
of  the  dimensions  of  the  set^tion  of  the  navitrable  wnv  ami  on  the 
material  of  navigation,  but  up  to  the  present  no  analogous  experiments 
have  been  macie  in  Holland. 

Besides,  the  tari&  for  towing  or  tugging,  and  the  cost  of  traction  which 
might  be  quoted  are  so  varied,  and  so  donbtfial  that  they  possess  no 
interest  in  the  stndy  of  the  question  of  the  better  economical  organisation 
of  traction  on  navigable  ways.  « 

If^  notwithstanding,  I  have  undertaken  without  hesitation  to  give  some 
observations  on  the  question  of  trwtion  and  propulsion  on  CAnals  and 
rivers,  with  regard  to  the  Netherlands,  it  ia  only  because  I  am  convinced 
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that  this  complicated  atid  difficult  question  is  not  susceptible  of  a  generftl 
polution,  and  that  it  is  neccepsary  to  sock  ont  for  each  country,  or  rather 
for  lach  ba«in  of  <*onin)fr(  and  navigation,  systems,  which  will  beat 
agree  with  local  re(|uirements  and  the  exigencies  of  the  working  of  the 
navigation  way  in  all  its  extent. 

In  the  Netherlands,  especially,  the  condition  of  the  riven  and  canals 
ifl  cf  a  peculiar  character,  and  differs,  for  example,  very  much  from  that 
of  rivers  and  canals  in  France. 

Let  US  fake  a  rapid  glance  at  the  navigable  ways  in  the  Netherlands 
and  at  the  means  employed  for  traction  and  propulsion. 

I.  THE  NAVIGABLE  WAYS  IN  THE  NETHERLANDS  AND  THEIR  TRAFFIC. 

The  navigable  ways  of  the  Netherlands  consist  of  the  lower  courses  of 
the  Rhino,  the  Maap  and  the  Scheldc  with  thoir  arms  and  jnnrtiona,  of 
the  Zuiderzee  and  an  extended  net  of  canals,  which  join  the  rivers  or 
the  Zuiderzee. 

The  rivers. 

The  Rhine  and  the  Schelde,  but  in  the  first  place  the  Rhine  are  the 
principal  ways  nf  truffir  in  Holland.  In  189ii  8S174  boats  passed  the 
frontier  noa;  Lobith.  that  is  boat«  sailing  or  tugged,  925  cargo 

steaniert*,  f)21*.>  ta-^'s  and  IbSl  passenger  steamers.  The  tonnage  of  the 
3(1774  sailing  and  cargo  boatd  was  cubic  meters;  the  average 

tonnsge  of  the  salleta  295,  that  of  tfao  cargo  boats  378  cubic  meiefs. 

The  commercial  movement  on  the  Rhine  increases  every  year,  corres- 
ponding to  the  improvements,  which  have  been  canted  out  on  this  river, 
and  with  the  developenwnt  of  commerce  in  the  ports,  consequent  on  the 
&cilities  for  entering  now  granted. 

Tn  Germany  the  object  of  the  works  of  improvement  i;^  to  give  to  the 
channel  of  the  Rhine  from  Mannheim  to  8aint-(Joar  a  depth  of  2  m. 
and  from  Saint-Goar  to  Cologne  of  2.')0  in,,  and  below  Cologne  of  3  m. 
at  the  low  ebb  of  1,50  by  the  Cologne  rfcale.  In  the  Netherlands 
endeavours  are  made  on  {he  Waal  to  obtain  a  depth  <rf  8  m.  and  for  the 
lower  Rhine  and  the  Lek  above  Vreesw^k  a  depth  of  2  m.  at  the  ebb 
above-named. 

Works  recently  commenced  and  now  in  course  of  construction  will 
give  a  depth  of  2.70  m.  to  the  Waal,  and  last  year  the  legislative  power 
vot^d  the  necessary  works  for  asBuring  the  desired  depth  to  the  lower 
Rhine  and  the  Lek. 

The  Vsael  iu  Gelderland,  the  branch  of  the  Rhine  which  flows  into 
the  Zuiderzee  has  not  a  great  depth  and  at  ebb  tide  allows  a  passage 
only  to  boats  of  a  draft  (ji  at  most  one  meter.  Nor,  does  the  Mans  possess 
a  snffidsnt  depth  above  the  St  Andries  lock  (between  Waal  and  tiie 
Maas). 
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On  the  eontrary,  the  tiveiB  and  the  ama  of  the  sea  in  the  provinoeB 
of  South  Holland  and  of  Zeeland  hare  in  some  parts  a  conrideiable 
depth  and  allow  ct  an  unintamipted  flnvial  navigation.  Thanke  to  mus' 
ce.=;sive  improvements  in  the  river  the  dimensions  of  boats  navigating 

the  Rhine  have  been  much  enlarged. 

Tn  th^  largest  boat  was  of  a  capacity  of  S50  tons  finrl  there 

were  only  U  hoata  with  a  capacitv  exceeding  iVtO  tons.  At  the  present 
day  there  are  a  large  number  of  bouts  uf  800  to  1000  and  several  of 
1200  to  laOO  tons;  of  some  the  capacity  amounts  even  to  1500  tons. 
The  laigest  dimensions  axe:  length  85  to  90  m.,  inclnding  the  bowsprit 
and  the  laddw,  width  10.50  m.,  and  dsaffc  of  water  when  folly  loaded 
2.70  m. 

The  major  part  of  the  exterior  traffic,  which  passes  the  German 
frontier  follow^"  the  Waul.  It  is  diTe<'teH  principally  towards  Rotterdam, 
Dordrecht  and  partly  towards  Amsterdam  (by  the  canal  from  Oorinchem 
to  Amsterdam)  and  towards  IJelf^inm  by  the  Hollandsche  Diep,  the 
rivers  of  Zeeland  and  the  canal  through  South-Iieveland. 

Another  part  passes  by  way  of  the  lower  Rhine  and  the  Lek  towards 
Amhem,  Utveoht,  Amsterdam  etc.,  or  by  way  of  the  YsseL 

Official  statistics  give  the  following  figures  for  goods  entering  and 
leaving  at  Lobith  in  tons  of  1000  kgr. 


1     Guudti  entering. 

Ooodi*  leaving. 

,  TOTAL. 

1 

1892. 

1883. 

1892. 

1893.    '  1892. 

1893. 

Kotterdam  .  .  . 

M1901 

5S7979 

2123894 

2762070 

2661496 

3290049 

AaistedMd.  .  . 

104926 

88647 

106814 

111189 

211740 

199688 

Bordndit  .  .  . 

T1S54 

94700 

118196 

88782 

188880 

178441 

▼•rioQii  ports.  . 

16S484e 

1666821  1 

1 

138788 

99926 

1806634 

1765246 

Belgian  ports  .  . 

6G5908 

552500 

781107 

757588 

1447015 

1310088 

8066135 

2929056  1 

8247729 

8804899  1 

1  6812864 

6783456 

The  table  shows  that  many  boats  which  on  entering  brought  goods 
lor  various  ports,  on  leaving  carried  thdr  cargo  itom.  Rotterdam. 

In  addition  to  this  traffic  there  exists  on  the  Rhine  and  its  branches 
and  on  the  rivers  of  the  provinces  of  South-Holland  and  Z<  eland  a  very 
intense  movement  of  inland  navigation  between  the  various  provinces 
of  tho  kinf^doiii  and  between  the  Netherlands  and  Relpinin.  Stjitistics  of 
this  traffic  are  wanting,  as  are,  also  thot»e  of  navigation  of  the  Rhine 
between  the  branches  of  this  river.  To  give  some  idea  we  may  qaote  the 
following  figures: 

In  1892,  18473  boats  of  a  tonnage  of  1416889  cubic  metres,  among 
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which  4469  steaxnen  of  a  ionmige  of  3S6265  cnbic  metceB  paased  fhe 
floating  bridge  on  the  lower  Rhine  at  Amhem;  17185  boats  of  a  ton- 
nage of  1684440  of  which  5651  steamers  of  a  tonnage  of  531247  enbic 

meters  passed  the  floutinvr  bridge  on  the  T^ek  below  Vreeswijk. 

The  DhscI  in  (ieldcrlaud  at  Westervoort  had  in  ]892  :i  trftflie  of 
lOSoO  UtJutH,  of  wliii'h  2740  wore  steamers,  and  the  mouth  of  the  Zuiderzee 
was  passed  by  7277  bttutn,  '6^10  steamers  17  sea-going  ships  and  12852 
fishing  boats. 

The  South-Bevdbnd  canal  which,  fonns  part  of  the  principal  way  for 
inland  navifsation  toiraids  Belgium,  was  traTersed  by  32763  river  boats 
of  a  tonnage  of  3468696  cobio  meteiB. 

The  cuwie. 

The  number  of  navigable  canals  amount  to  abont  240,  with  a  total 
length  in  ronnd  figures  of  3400  Km.  About  1660  km.  are  in  the  pro- 
▼inces  of  Friesland  and  Groningen,  400  km.  in  the  provinces  of  Drente 
and  Over^ssel,  and  more  than  1000  km'  in  the  provinces  of  Holland 
(North  and  South)  and  of  Utrecht. 

a.  Maritime  Canals. 

Some  of  these  canals  have  been  constmcted  for  maritime  navigation. 

Tliese  are:  P.  The  Nor^  Sea  canal  from  Amsterdam  to  IJmuiden  (length 
27  km.,  depth  of  water  7.70  m );  2«.  The  Great  North  Holland  tanoL, 
from  Atiipterdani      Nieuwedif'i)  (Imt^th  SO.  }  kni.,  do]>th  of  water  5.50  m.); 

the  ainnl  ihrough  (he  island  of  Vonrne  (lengtli  ^).S^)  km.,  deptli  of  water 
5.U0  ui.};  4'\  the  ouuU  ucrofis  Lhe  i^iUuul  of  Walchenn,  from  FIuHhing  to 
Veere  (length  13.27  km.,  depth  7.45  m.);  the  caiial  acrosi  the  island  of 
SotUh-Beedand  (length  7.75  km.  depth  6.50  m.);  6o.  <A«  eamU  from  Ter- 
nemen  to  Ghent  (length  33  km.,  of  which  15.2  km.  on  Dutch  territory, 
depth  6.05  m.);  7*.  the  Berne  oma/,  from  (Groningen  to  the  ESems  (Delf- 
zqI)  (length  26-56  km.,  depth  4.50  m.). 

The  canals  named  under  2  and  8  have  lost  nearly  all  their  importanc<» 
for  maritime  navigation  Kinee  the  construetion  of  the  North  f^en  TfiTial 
and  of  the  new  mouth  of  th^  M.ias  acroj^s  thr  lloek  of  Holland,  but 
they  are  still  of  great  value  for  inland  navigation. 

The  canals  across  South-Beveland  and  Walcheien  were  built  in  conse- 
quence of  the  establishment  of  tiie  railway  from  Roosendaal  to  Fludiing 
and  of  the  dams  of  the  eastern  Schelde  and  of  the  Sloe. 

The  first  is  used  principally  for  inland  navigation,  while  on  the  second 
maritime  navigation  is  confined  to  the  part  between  Flushing  and 
Middellnir^. 

The  Kemn  cnnnl  hap  only  a  secondary  importance  for  maritime  naviga- 
tion as  moBt  boat*"  remain  at  Ddfzijl. 

It  speaks  for  itself  that  inland  navigation  benefits  largely  by  tlie  mari- 
time canals,  as  shown  on  attached  table  A. 
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b.  CaaalB  for  inland  navigation. 

The  following  aie  the  principal  oanale  oonstnicled  espedally  for  inland 

navigation : 

I.  In  the  provinces  of  Groningen  and  of  Prie^Hand. 

1.  The  Damttmiiep,  Iroin  Groningen  to  Dclfzijl  W.)  km. : 

2.  the  Rdtdiep,  from  Groningen  to  the  Lauwerzee  81  km.; 

3.  the  Winschoterdiep  and  the  Siad^skaiiaal  (().'>. 2  km.)  from  Gmningen 
by  way  of  the  turf  colonies  (Hoogezand,  Veendanx,  VVildervank,  Nieuw- 
8iaddEanaa,l)  and  the  turf-pitd  towaida  the  Gennan  frontier,  near  to 
which  tiie  canal  communioatfle  with  the  JSetoB; 

4.  the  amal  from  Qnmgen  to  Lemnur  (99.9  km.)  by  way  of  Ber- 
gnmerdam,  with  a  branch  at  Stavoren  (30.5  km.); 

5.  the  Lmaoerzee  Canal  (Nieuwe  Zglen)  to  HarUngm  by  way  of  Dokkum 
and  Tjwuwardcn  (02.^^  Km.). 

The  two  canals  1  and  5  are  connected  by  varioun  other  canals,  y>Hssin</ 
by  Dokkum,  Leeuwarden  and  Harlingen.  Several  canals  of  aniall  (iui  i  - 
sions  run  into  the  canal  from  Groningen  to  Lemnier;  they  lead  towards 
the  toif-pite  in  the  Sonth-east  of  the  ptovinee  of  Friedand  and  are  in 
connection  with  the  canaLs  of  Drente. 

All  theae  canals  have  an  important  local  traffic  beudee  oerving  for  tiie 
ontride  oommeroe^  which  is  concentrated,  in  Harlingen,  Gioningen  and 
DelfzijI.  Boats  and  steamera  oarrjring  goods  from  Groningen  and  Friealand 
to  the  western  provinces  pass  thioiqfh  canals  4  and  5  and  traverse  the 
Zuiderzee. 

The  dimensions  of  the  above-named  canals  are  very  (litVerent,  esjxx  ially 
in  Friealand,  where  they  cross  several  lakes.  Although  there  are  parts, 
which  allow  of  the  passage  of  larger  boats,  it  may  be  said  that  in 
gonersl  these  canals  may  be  used  by  boats  of  a  length  of  abont  30  m., 
of  a  width  of  5  m.  and  a  draft  of  water  of  1.40  to  IJBO  m. 

The  Stadskanaal  is  only  available  for  boats  of  a  maximnm  length  of 
22  m. 

The  goods  transported  arc  principally  agricultural  pro<lucc  (potatoes, 
corn,  seed,  linfcrd,  straw),  industrial  products  (fecnla  of  potatoes,  paper, 
linsood-oil)  turf,  cattle.  Initter,  cheese  and  other  articles  ot  consumption, 
manure  and  building  niat^'rials. 

II.  In  the  provincee  of  Drente  and  OveriJsHl. 

1.  The  Drmiidie  koo/doaart  (principal  canal  of  Drente)  from  Assen  to 
Meppel  (48.84  Km.)  in  oonneetion  on  one  side  with  Groningen  by  the 
North  Willemsvaart  and  on  the  other  side  by 

2.  the  Meppelerdiep  (11.77  Km.)  with  the  Zwarte  Water,  a  free  waters 
way,  leading  to  the  Zuiderzee  by  the  Zwolsche  Diep  and  to  Zwolle; 

8  the  W!lkm$9aart  (2.2  Km.)  connects  the  Zwarte  Water  to  the  Yesel 
in  Gelderland  ; 
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4.  the  Omnjekanaal  (48.18  Km.)  rans  into  the  DraDtseho  Hoofiivaarfc,M 
does  also 

5.  the  Hoogeveensche  mart  (hnM  Km.),  both  of  these  penetrate  the 
extensive  turf  districts  in  the  South-east  part  of  I>rento; 

6.  the  Dedemsvaarl  from  the  Zwarte  Water  to  the  Vecht  (39.87  Km.) 
with  a  branch  to  Coevorden  and  frum  there  to  the  Hoof^eveensche  vaart : 

7.  the  Overyml  ainak  (iJb.7i  Km.)  from  Zwoile  to  Almelo  (48.U6 
Km.)  with  IwanelieB  to  DevMiter  and  to  the  Vecbt  and  from  there  to 
Coevoiden. 

AU  these  canals  serve  in  the  first  place  lor  the  transport  of  tnif  to  the 
towns,  to  the  lime*kilns  and  to  the  brick-fields  along  the  coarse  of  the 
rivefB»  and  further,  for  turf-litter,  agricultural  produce,  manure,  building 

innterialf  and  various  articles  of  consumption. 

The  dimensionB  of  these  canals  allow  of  passage  to  boats  of  a  length 
of  23  m.,  a  w  idth  of  o  m.  and  a  draft  of  water  of  \.2!y  to  1.40  m.  The 
Overysael  caiiala  are  available  for  l>oat>j  of  a  length  of  35.4  in.  and  a 
width  of  5.90  m.  Hie  Ueppelerditp  and,  especially,  the  WlUemSTaart 
have  larger  dimensions  in  order  to  accomodate  the  commeroial  needs  of 
Meppel  (cattle,  butter)  and  of  Zwolle  (cattle,  agricullDtal  and  industrial 
products,  timber). 

Boats  in  (lestination  for  the  eastern  provinces  cross  the  Zuiderzee. 

IIL  In  tlie  provinces  of  North  HoUaml,  ''ymth  Holland  and  (^frrrht. 

The  North  Sea  canal  with  it«  Intend  eumds  to  ."^paarndam  and  to 
Zaandam,  and  its  junctions  to  the  Zuiderzee;  und  by  way  of  the  Zaau, 
the  Nauerna  canal,  the  Great  North  Holland  canal,  the  Spaarne  and 
the  Canals  cf  Amsterdam  to  all  the  navigable  ways  of  Holland  is  one  of 
most  important  canal  for  inland  navi^tion  All  boats  from  the  provin- 
ces of  the  north-east  oi  the  kingdom  in  destination  among  other  p1ao«a 
for  .Amsterdam,  Haarlem,  licyden,  The  Hague.  Rotterdam,  Dordrecht, 
North  Brabant,  Zeeland  and  Belfrium  pags  the  lock  of  Sohellinpwoiide. 

The  Great  North  Holland  Canal,  espcHally  the  part  l)ptween  Amsterdam 
and  Alkmaar,  and  the  Voorne  ranal,  iilthongh  deposed  from  the  rank  of 
inaritiuie  canaln  of  the  ilrst  order  are  both  still  of  great  importance  to 
navigation. 

Besides  these  maritime  canals  we  must  mention  in  the  fiist  instance : 
1.  The  navigable  way  called  the  Mmotdi  mmaX  connecting  Amsterdam 

with  the  Lek  and  with  the  Merwede  by  way  of  Utredit,  Vreeswfjk  and 

Gorinchem  (70.9  km.).  This  canal  was  opened  on  the  4''>  of  August  1892 
as  far  as  Vreeswijk.  and  on  the  1*'  of  May  1893  as  far  as  Gorinrhem, 
It  was  newly  exravated  from  Amsterdam  to  Utrecht:  from  Utreoht  to 
Gorinchem  it  ftdiowB  generally  the  course  of  the  old  canal  from  .\nister- 
dam  to  Gorinchem  (Keulsche  Vaart  and  Zederik  canal),  which  ha<>  been 
rectified. 

The  minimum  dimensions  of  tiiis  canal  are :  width  at  bottom  30  m., 
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depth  of  water  3.10  ni. ;  the  locks  have  a  leugth  of  120  rn.  and  a  width 
of  12  lu. 

The  railways  croesing  the  canal  between  DtrecM  and  AmBterdam  have 
been  divezaed  and  raised  and  are  laid  on  fixed  bridges. 
By  this  omal  Rhine  boats  of  the  largest  tonnage  <an  leaoh  Amsterdam. 
2.  The  old  canal  called  the  KeuUche  Vaart  passes  by  Utrech^  follows 

the  Vecht  as  far  as  Weesp,  and  flows  into  Amsterdam  by  the  AmeteL 

It  is  joined  to  the  ^Torwedo  canal  at  Nirhtevecht,  and  connected  with  the 
Zuiderzee  by  the  Vccht.  Its  dimensions  are  very  ditferrnt :  boata  of  a 
lenprth  of  52  m.,  a  wicith  of  T.-'iO  ni.,  and  a  draft  of  water  of  2.10  m. 
are  admitted.  It  serves  the  town  of  Utrecht  and  places  along  the  course 
of  the  Vecht. 

8.  The  navigabU  rmys  comueting  Amrtndam  and  Bolterdam  are  two  in 
niimber  as  fit?  as  regards  the  part  between  Amsterdam  and  the  Gouwe. 
The  boats  can  follow  the  Amrtd,  or  the  canal  along  the  Haarlemmer- 
meerpolder  (the  drained  lake  of  Haarlem)  to  the  Oude  Rgn  (the  old 
Rhine);  they  then  pass  by  the  Gouwe  and  reach  the  non-canalised 
IJssel  of  Holland  at  Oonda  (51.64  m.  from  Gotida  l4)  Vnisterdam  by 
way  of  the  Amstel).  These  two  way«  have  vpry  various  dimensions  and 
allow  of  the  pasaage  of  lihine  boats  and  others  uf  a  width*  of  7.40  to 
7.50  m.  and  a  draft  of  water  of  2.10  m.  The  length  of  the  boats  is 
limited  by  the  lock  at  Goada  to  46.7  m. 

By  the  Oude  which  is  a  good  canal  from  the  Gouwe  to  Leyden, 
the  boats  arrive  at  Leyden ;  the  Oade  Rijn  leads  also  on  to  Utredit,  bat 
the  locks  and  bridges  on  this  traject  are  of  insufficient  dimensions. 

4.  The  province  of  South-Holland  has  just  lately  improved  the  canal 
connecting  the  Oude  Rijn  at  T/oyden  to  the  Schie  at  Delft,  so  that  Rhine 
boats  of  a  rather  large  tonna<re  (sueh  as  can  reaeh  Delft)  can  by  way  of 
Voorburg  reach  Leyden,  and  by  a  branch  The  Hague.  By  these  works 
boats  with  a  draft  of  water  of  2.50  m.,  a  lenght  of  51  m.  and  a  width 
of  7JS0  m.  will  after  the  completion  of  the  projected  port  near  The 
Hague  be  able  to  navigate  between  the  Maas  and  this  town. 

On  these  canals  which  commnnicate  with  the  numerotts  ,,graditen^ 
(canals)  of  the  large  towns  and  with  the  net  of  small  canals  and  water- 
courses, which  traveree  the  polders  and  the  villages,  transporta  of  every 
kind  are  made  by  boats  of  every  sort  and  size.  They  ferve  equally  for 
commerce  towards  Germany  and  Belgium  as  for  transports  to  c<»mmercial 
ports  and  the  mutual  local  and  interprovincial  transport  of  agrieultural 
and  industrial  prudueUs,  cattle,  naik,  butter  and  cheese,  of  building 
materials,  combustibles,  manure  etc. 

IV.  In  the  pnwinees  of  North  BnUtant  and  JAndmrg* 

Here  we  find 

1.  The  8ouih  WiUemavaarl  from  Bois-Muc  to  Maestricfat  (122.58  km., 
of  which  77.93  on  Dutch  territoiy). 
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2.  The  canal  from  Maestrichl  to  Lxtge  (25.35  kin.,  of  which  4.94  on  Dutch 
territory)  and  the  canalised  Diae  (5.79  km.)  from  JBois-le-duc  to  theMaas 
near  CMreooeur. 

The  dimeoaionB  of  these  canals  admit  boats  of  a  length  of  50  m.,  of  a 
width  of  6  m  and  a  draft  of  water  of  1.90  m.  These  oanalt  are  of  great 

importanrr  for  the  transport  of  industrial  products  from  Maestricht,  Hel- 
mond,  Eindhoven  (connected  by  a  branch)  and  Bois-le-duc,  of  coal  etc. 

The  traffic  on  the  principal  canalf?,  as  far  as  regards  inland  navigeUion 
is  mentioued  oa  the  attarhr-tl  tal>le  A.  In  the  north-e^t  provinces  the 
f^eatest  movement  exists  on  the  Mt-ppelenliej)  and  on  the  canal  from 
Groningcu  to  Lemmer.  In  the  t^outh  the  canal  across  Soutb-Beveland  and 
the  Dien  have  the  greatest  traffic,  while  in  the  iMOvinces  of  HoUandand 
Utrecht  the  annnal  traffic  on  the  aontiieni  part  of  the  Gceat  North  Hol- 
land canal,  the  Mwwede  canal,  the  Keulache  vaart,  the  canal  from  the 
ISaas  via  Delft  to  Leyden  and  the  navi|^ble  ways  between  Gonda  and 
Amsterdam  exceeds  one  million  of  cubic  meters. 

It  should,  however,  be  remarked  that  the  figtiros  of  the  tonnage  of  the 
canals  eonneetinij  Amsterdam  witli  the  Lek  and  with  Gouda  will  undercro 
a  change  on  tux;(mnt  of  the  opening  of  the  Murwede  canal.  On  this  canal 
navigation  is  entirely  free,  which  fact  will  lead  to  a  considerahlo  die- 
placement  of  traffic. 

Tbs  Zaldsme. 

The  movement  of  sailing  boats  and  steamers  on  the  Zuiderzee  is  very 
intense.  Al»out  in  %  of  the  bont?  pap?  through  the  hx'ks  at  Sohelling- 
woude  near  Ani^tordam.  In  the  number  of  boats  locked  wa^'  94063. 
The  tonnage  of  these  boats  at  its  maximum  is  100  cnbic  met^rn ;  willing 
boats  have  an  average  tonnage  of  (K),  and  steamers  of  110  cubic  meters. 

The  transport  of  passengers  on  the  rivers,  on  the  canals  and  the  Ziiiderzta. 

The  transport  of  paasengwrs  on  the  navigable  ways  of  the  Netherlands 
deeervee  special  mention.  It  is  carried  on  by  Bteam«RB  and  not  only  on 
the  Rhine  and  its  brum  he^^,  on  the  8chelde  and  on  the  Zuidenee,  btti, 

also,  on  the  eanals.  Although  the  ancient  „treksehuiten*'  (toned  passenger 
boats)  havi"  disappeared  nearly  everywhere,  the  pas3entr<>r  trallie  on  cAuals 
has  not  diminished;  but,  the  old  medium  of  transport  ih  replaced  by  a 
better  one,  viz.,  by  steamboats.  These  steamboats  have  great  advantages. 
The  transport  is  effected  cheaply,  the  journey  is  easy  and  agreeable,  the 
boats  pass  through  the  villages,  follow  the  conxse  of  the  canal  in  all  its 
extent  and  penetrate  into  the  towns,  and  they  travel  at  a  good  speed. 
There  are  disbicts  in  Frieeland  and  eqMcially  in  Holland,  where  tike 
steamboat  is  the  only  means  of  transport)  as  the  railway  is  too  &r  away 
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and  tho  dikes  along  the  cauiils  are  too  narrow  for  transport  by  laud  (1). 

In  the  flame  way  for  many  places  along  fhe  liw  rid«e  the  steamboat 
is  file  most  prefoned  meaos  of  touupoxt;  tot  the  inbalntaiitB  of  the 
ifllandfl  of  South  HoUaimI,  of  Zeeland,  of  Flemisch  Zeehind  eto.  it  is 
indispensable. 

Statistics  of  the  number  of  passengers  canied  are  wanting,  but  the 

numlxT  irt  cunslderablo  (2). 

There  are  at  the  prepcnt  day  about  130  companies,  or  contractorji,  who 
have  eatablislied  regular  services  of  steamboats  fur  these  trainsports  on 
the  rivers,  on  the  canals  and  on  the  Zuiderzee.  It  is  understood  that 
these  boats  also  carry  cargo.  The  speeds  are  ditlerent;  on  canals  where 
the  speed  is  limited  by  police  regulations  the  ocmimercial  speed  is 
generally  6  to  10  km.  per  hour,  but  it  Is,  also,  often  from  10  to  about 
15  km. 


(I)  The  eonrtition  of  the  towns  and  villages  on  Uip  <<tdes  of  navipaVilp  ranals  and  the 
coasidei'ablo  expense  incurred  by  ttie  construction  of  roads  on  account  of  the  configura- 
tion of  the  land  and  the  want  of  Mlidity  In  the  Min  eipbin  the  devdopemcnt  of  the 
- ti ckschiiitpn*  in  IldHaml  unci  make  tloar  the  predelictioii  for  thi«  method  of  ti-.m^noi  t 
at  a  period  when  time  was  not  of  great  value.  The  first  railways  encountered  serious 
epfiMition ;  many  people  believed  them  to  he  onleei,  or  at  least  raperfluont.  The  report 

to  William  I,  by  tho  offiiial  commission  for  tho  study  of  th<^  question  of  the  establish- 
ment of  railwaya  in  Holland  is  very  curious.  The  commission  was  of  opinion  that  the 
conitroction  of  a  nShmy  from  AinsterdMtt  to  Arahem  wonld  be  deairabic,  especially  in 
view  of  the  establishment  of  a  railway  firem  Antwerp  to  Cologne  by  the  Belgiaoe.  This 
railway  could  be  extended  later  on  to  Lobith  on  the  Rhine  and  perhaps  to  Cologne. 

A  railway  for  Hotterdam  did  not  appear  in  any  way  urgent  The  transport  of  gooiis 
and  passengers  from  Itotterdam  to  Cologne  was  regularly  ofliMlStad  by  steamboats,  which 
made  the  joniney,  in  five  days,  inchiHiiif:  delays.  And  commerce  did  not  demand  smli 
speed.  Even  the  cotnpany  for  uavigalioii  to  Cologne  refused  to  pay  IB  centimes  per  bO 
kgr,  (8.C0  flmncs  per  ton)  for  towage  from  Rotterdam  to  Lobith  aitd  preftrred  to  nialte 
the  journey  from  Rotterdam  to  rologne  in  16  days  instead  of  i-i  8  or  5. 

The  vice-president  of  the  Chamber  of  Commerce  of  Rotterdam  not  agreeing  entirely 
with  the  eoadnsions  of  the  commlsrion  preeented  a  tpecM  note  to  4lte  King.  Not  only 
did  he  eon^ider  a  railway  for  Rotfeidam  useless,  but  his  opinion  was  that  all  require- 
ments were  sulliciently  mot  by  steamboats  following  the  I.ek,  with  a  corresponding  ser- 
vice of  boats  towed  at  a  high  speed  fhim  Treeevrylt  to  Amsterdam.  The  Netherlands 

Steamboat  Company  at  Hotterdam  was  <lisp<ised  to  undertake  a  servuc  of  this  kind.  If 
the  transhipment  of  goods  and  passengers  at  Vreeswylt  required  too  long  a  time,  the 
steamboat  oould  take  the  strekschoit**  In  tow  and  the  transliipment  oonld  be  effected  on 
the  way. 

The  vice-president  hoped  that  the  commerce  of  Amsterdam  would  make  a  trial  of  this 
plan. 

Times  arc  much  changed.  We  must  not,  however,  lose  siglit  of  the  fact,  that  in  ISSSi, 
(the  report  is  dated  1836)  the  total  tralTc  by  the  Rhine  from  Hotterdam  to  the  Oeiman 
towns  fiom  Wesel  up  to  Manuhetm,  only  amounted  to  45426  tons,  of  which  21038 
tons  were  for  Cologne.  In  1803  the  total  movement  of  the  Rhine  to  Lobith  was:  goods 
entprinfj  w'Wr)*')  tons  of  10(M>  kgr.,  of  which  .537(>7y  for  Rotterdam;  goods  leaving 
3804399  tons,  ot  which  -275*2070  came  from  Rolteidam. 

(9)  The  aervloa  from  Enkhidxeo  to  Stnvoren  carries  men  than  80000  passengprs  par 
year. 
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The  large  buats  (  with  paddles-wheels)  of  the  steamship  company  from 
Cologne  to  Dueseldorf  do  the  traject  from  Arnhem  tu  liutterdaiu,  via 
the  Lek  (122  km.)  in  7  and  in  fhe  oontrary  direction  in  8  hours,  while 
the  boats  of  tbe  Dutch  SteamnavigatiottoonipaQy  between  Nymw^em 
and  Rotterdam  via  the  Waal  (111*  km.)  take  6  and  in  the  oontrary 
dixeetion  8  hours,  which  gives  the  commercial  speeds  of  14  to  15  km. 
per  hour  for  the  ascent  and  abont  18  km.  for  the  descent. 

Tiie  steamboats  of  the  Dutch  company  have  the  following  dinionsionf : 
length  71  to  73.4  m. ;  width  IH  to  14.8  m.;  draft  of  water  when  loaded 
1.02  to  1,40  in.  The  engines  have  100  to  120  horf*c-f)()wer  The  largest 
boats  can  carry  1500  passengers.  The  st*:ainboats  ruuiung  between  liot>- 
tsrdam  and  Goiinchem  are  of  80  to  100  hone-power. 

They  have  a  lei^th  of  45  to  60  m.  and  cany  700  to  1000  paasengara.  i 
The  smaller  river  boals  can  generally  carry  200  to  300  often  500  to  800 
passengers.  The  length  varies  firom  ^  to  50  m.  and  the  draft  of  water 
from  1.10  to  2^  m. 

The  dimensions'  of  l)oat^;  navigating  on  the  canals  arc  less,  the  length 
varying  from  15  to  ,35  m.;  it  is  often  20  to  25  ni.;  the  dmft  of  water  I 
varies  from  1.00  to  1..50  and  reaches  sometimes  to  l.SO  m.  These  boats 
can  carry  80  to  100,  and  sometimes  150  to  200  past^engeri^.  Generally, 
thdr  power  is  12  to  20  horse,  although  tiiere  are  som^  which  are  only 
6  to  8  horse-power. 

II.  MEANS  OF  TRACTIOH  AND  mPULSION  IN  U8E  ON  THE  RIVERS 
AND  ON  THE  CANALS  IN  THE  RETHERUNDS. 

On  the  „gracht<'n"  (cannl^)  of  the  towns  boats  are  often  propelled  by 
means  of  a  hook  or  towed  b\  men.  The  hook  is  ai»o  used  for  the  pur- 
pose of  moving  small  boats  on  small  canals  and  on  water- courses,  which 
have  no  tow-paths  and  in  the  „pold«ni^\  Towing,  often  by  men  and 
unfortimatety,  also,  often  by  women  is  practised  on  a  numbw  of  canals 
when  the  boats  are  not  able  to  use  sails,  or  when  the  canals  do  not 
allow  of  navigation  by  sailing.  In  tlMse  cases  boats  of  a  certain  tonnage, 
or  those  which  demand  a  greater  speed  are  towed  by  horses.  Most  of 
the  canals  are  provided  with  tow-paths,  at  least  on  one  side  of  the 
canal. 

Navigation  by  sail  is  much  practised  and  this  is  easily  explainetl.  The 
small  boats,  which  navigate  the  rivers  and  the  arms  of  the  sea  in  the 
south>west  part  of  the  Kingdom,  or  which  cross  the  Zuidersee,  are  neoes- 
ssiily  arranged  in  such  a  manner  that  they  provide  their  own  means  of 
transport,  Ingging  being  too  dear  or  impracticable.  Also,  many  canals, 
which  cross  small  lakes,  or  follow  waterways  around  drained  parts  are 
sufficiently  wide  to  allow  in  this  flat  oonntry,  where  there  is  nearly 
always  wind,  of  navigation  by  sail. 
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In  addition  to  sailing  boate  thoM  is  an  inoreaaing  number  of  ateam- 
boata. 

Staamnavigation  on  the  Rhine  datea  from  1816;  since  4hen,-thia  n*vi- 
^tion  haa  expanded  itself  on  all  the  fi?er8  and  all  canals  of  any  impor- 
tance. 

We  have  already  mentioned  passenger  boats ;  the  minority  of  these 
are  paddle  Ijoats,  for  example,  the  boats  from  Rotterdam  to  Mannheim 
to  Gorinchtjm,  to  Nymwegen,  to  BoiH-le-dne,  to  Antwerp  by  the  rivers, 
and  from  Amsterdam  to  Zwolle  and  to  Hariingen,  via  the  Zuiderm)  etc.; 
most  of  the  boats  are  sexew-boats;  including  cargo  and  tug-boats.  With 
rare  exceptions  only  screw*boat8  are  found  on  canals. 

The  number  of  steamboets  of  all  kindsi  at  present  in  service  on  the 
xiTerSy  the  canals  and  the  Zuidersee  may  be  estimated  at  1250  (1). 

In  1881  there  were  in  Friesland  80  different  services.  In  1892,  185  ser- 
vices were  in  existence  in  South  HoIIjuuI.  There  were  185  boats  for  the 
transport  of  passengers  and  carpi  in  this  province  and  280  tug-boat8. 
Companies  and  con1ract<irs  owning  real  lleet.s  of  tugs  for  inland  naviga- 
tion are  to  be  found  at  Amsterdam,  Rotterdam,  bliedrecht,  Alblasserdam ; 
as  also  at  Dordrecht,  Gorinchem,  Gouda,  Oudshoom  and  Utrecht;  others 
at  Amhem,  Nymwegen  and  a  few  at  Qroningen,  Hariingen  etc. 

Among  the  boats  which  navigate  by  means  of  tngs,  should  be  men- 
tioned in  the  first  instance  the  Rhine  boats  of  all  siies,  then  the  small 
boats,  which  are  not  rigged  out  for  sailing  and  the  ^alks  and  othw  boats 
laden  with  turf,  hay  etc.  tugged  in  trains. 

The  power  of  the  tugs  is  ver>'  varied.  With  the  exception  of  those, 
which  pcrve  for  sen-going  vessels  (the  horsepower,  of  which  amounts  to 
100,  to  lt).5  aufl  even  to  2(X))  the  tug-boats  for  inland  navigation  are  10 
to  90  hortitipower,  very  often  of  10  to  20  on  ordinary  canals,  and  of  20 
to  50  horsepower  on  rivers  and  large  canals. 

PuMimger,  cargo  and  tug-boats  are  worked  by  steam.  Lately,  however, 
small  petroleum  Migines  have  been  introduced  on  some  small  bbate, 
which  depart  at  regular  hours.  These  en<^'ine>4,  which  are  of  several  horse- 
power work  the  axle  of  the  screw  by  the  aid  of  belts.  Constructs  in 
the  works  of  Mr.  Van  Rbmmbs  at  Utrecht,  they  have  given  very  satis- 
factory results. 

Navigation  on  rivers  aud  canals  Ih  controlled  by  laws  established  to 

(1)  OiTicial  detailed  statistics  show  that  on  tlie  1**  of  Jaitaary  1883  there  were: 
18  stcAmboatt  of  1202  horsepower  for  the  riv#r  serTice  toward*  Gemeny, 
18  steamboats  of  684  horsepower  for  ilu'  river  and  canal  service  towirdi  Belgium. 
518  steamboats  of  a  total  power  nf  leOll  horse  (averaging  21  honepower)  for 
inland  transport  on  rivers  and  canals, 
and  317  tog^boats  of  9SSI  horeepower  (average  S9  horaepower). 

Tvtal  87i  steambcNita. 
Since  that  jear  no  Midi  detailed  statistic*  have  been  publisbed. 
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pievent  ooUUnonB  on  the  public  wftterways  of  tlie  Kingdom,  whU^  aie 
open  to  aavi(^tion,  and  by  laws  concerning  the  tnmeport  d  ganpowder 
and  other  inflammable  or  explosive  matwials,  and  the  utaritime  worke 
of  the  State ;  as  well  as  by  the  BtipnlatUms  and  regulations  oonseqiient 

on  these  laws. 

Navigation  is  prenrrally  regulateti :  1".  by  general  police  rules  mi  the 
rivers,  can;iLs,  porta,  locks  etc.  administered  by  the  State,  fixed  by  Royal 
decree  of  August  the  13"'  1891,  and  by  various  special  police  rules  refer- 
ring to  these  rivers,  canals  etc ;  2<^.  by  regulations  of  the  provindal 
police  and  others  on  the  canals  administered  by  the  provinces,  the  ccm- 
manea  etc 

The  act  respecting  navigation  n  ti  n  Rhine,  concluded  between  the 
bord(  ring  states,  stipulates  that  navigation  on  the  Rhine  and  its  affluents 
shall  be  entirely  free  to  boats  of  all  nations,  from  Basel  to  the  sen,  with 
some  exception»5  prescribed  in  the  same  act  or  by  ]K)lice  regulations 

The  police  regulations,  general  and  special,  are  very  liberal  with  regard 
to  towage,  which  is  free,  as  also,  with  regard  to  steam  navigation  on 
riven  and  canals.  Steam  navigation  is  allowed  on  all  canals  of  any 
importance,  with  the  exception  of  the  Oranje  eaxaH,  where  it  is  forbidden 
and  on  a  few  canals  in  Overqssel,  where  it  is  only  allowed  by  special 
anthority.  On  some  canals  in  Drente  and  in  OverijBsel  and  in  the  turf 
districts  steam  navigation  is  not  exercised  on  account  of  the  insufficient 
dimensionB  of  the  canals  and  of  the  large  number  of  lock;?. 

Table  A  shows  the  maximum  dimensions  of  boats  admitted  on  the 
principal  canals,  the  maximum  speed  allowed  to  single  boats  and  to 
tugs,  and  the  maximum  number  of  boats  allowed  to  be  tugged  in  train. 
Tlie  speed  allowed  d^nds  on  the  draft  of  water  of  the  boat.  Near  to 
bridges*  locks  etc  and  whrai  passing  boats  going  in  a  contrary  direction, 
or  boats  heavily  laden,  boats  loading  or  discluuging  etc  speed  must  be 
reduced  to  75  m.  per  minute. 

F()r  st<:'amboats  wi^h  i  draft  of  water  not  exceeding?  1.25  m.  the  mini- 
mum speed  is  —  with  some  exceptions  —  140  to  250  m,  per  minute  or 
8.4  to  15  km.  {)er  hour.  The  spetnl  for  tugged  truina  ia  .•^ometimef  limited 
to  80—100,  on  some  maritime  canals  to  150  m.  per  minutcj  the  number 
of  boats  tugged  in  trains  varies  from  4  to  8  for  small  canals  and  from 
8  to  18  for  large  canals. 

On  the  small  canals  of  Friesland,  where  the  d^h  of  water  is  about 
1.50  m.  small  hoaXa  with  a  length  of  20  m.,  a  width  of  3.40  m.  (1)  may 
travel  during  the  day  at  a  speed  of  133  m.  per  minute  and  at  night 
of  100  m. 

On  the  canal  from  the  port  of  I'^dam  on  the  Zuidcntee  to  the  (ireat 
North-Holland  canal  at  Scbouw  (via  Monnikendani),  ,tbe  maximum  speed 

(1)  TlMM  boat*  ran  ite  serrio*  Gorredyk*  Drachtea,  ItoranTem. 
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of  BteamboatB  is  regnJatod  in  a  special  way.  Thii  canal  is  of  small 
dimeiunoiiB  (1),  and  wben  steamboats  travelled  at  an  unlimited  speed 
th(;  damage  suffered  by  the  banks  and  slopes  was  alarming.  It  was 
decided  to  fix  maximum  speeds  to  be  allowed,  but  special^  experi' 
mentB  showed,  that  the  rate  of  progress  of  the  boat  no  longer  inorpaswl 
beyond  a  certain  number  of  revolutions  of  the  frcrew;  unci  that,  then, 
the  extra  work  of  the  engine  only  Berved  to  inereasc  the  wiiah  of  tho. 
water  and  the  destruction  of  the  banke.  With  a  limited  speed  of  rotation 
of  tiie  screw  nearly  the  same  xate  of  progress  eoold  be  attained  vi^nt 
dami^ing  the  bermes  and  the  banks  (2).  Sinoe  then,  the  maximum 
number  of  screw  revolutions  has  been  fixed  at  120  to  140  pw  minute 
aooording  to  the  dimensipns  of  the  canal.  This  regulalion  allows  of  esey 
control.  It  appears  to  me  that  these  experiments  are  worthy  of  the 
attention  of  all  engineeis  interested  in  the  question  of  traction  and  pro- 
pulsion on  canals. 

They  prove  that  on  every  navigable  way  there  is  a  certain  limit  of 
speed  depending  on  the  proportion  between  the  dimensions  of  the  c-anal 
and  those  of  the  boat.  Beyond  this  speed  the  increase  of  engine  power 
as  wdl  as  powerful  protection  <^  bermes  and  banks  may  be  considered 
as  useless  expense. 

In  cnder  to  accelerate  the  speed  of  boats,  we  must  commence  by 
diminishing  the  resistance  of  the  water,  and  facilitate  the  efflux  of  tiie 
water  at  the  side  and  under  the  boat;  that  is  to  say,  change  the  form 
and  the  dimensions  of  the  boat  or  enlarge  the  canal. 

in.  THE  NEW  SYSTEMS  OF  TMCTION  PROPOSED  OR  ATTEMPTED. 

Several  .systems  of  traction  to  repljwe  towage  by  manual  labour,  by 
horses  and  by  tug-boats  have  been  propf>8ed,  tried  or  put  in  regular 
service. 

These  systems  of  towage  may  be  called  generally  mechanical  tiystems. 
The  systems  are  applicable  in  the  first  instance  to  boats,  which  have 
no  other  means  of  propulsion  (ss  'sails,  wheels,  screws  etc.),  but  the 

question  has  been  raised,  whether  these  sould  not  be  preferred  on  canals 
to  other  systems  of  propulsion  from  the  point  of  view  of  economy  and 
regularity. 


(1)  The  depUi  *t  botlom  is  8.4  to  9.2  in.,  tlie  wiiiUi  at  llic  floating  level  17.2  m.  Uto 
depth  of  water  2.10  to  m.  The  nwxinram  dimensioiis  of  the  Ijalkt  are:  width  4.S0, 
draft  of  water  1.70  to  1.B0  m.;  mesimam  dimeiubna  of  ateamboetB:  length  81  draft 
of  water  1.70  ra. 

(2)  See  the  comtaunieetiAn  of  Mr.  ScnoLTRKS,  Chief  engineer  of  the  pruvlndel  Watwr^ 

atast  in  the  pi-ovinco  of  Nni'tli  llallanil  :it  tln^  Min  ting'  of  tho  Royal  Institute  of  RngI' 
neers  on  the  14t^  of  February  ISi^i.  (Tijdschrift  van  het  Koninklijk  Instituut  van  Ing^ 
nieurs  1892/C3.  Notulcn  der  vergadering.  Dcrde  allevering).  Messrs  Dekino  Duka  and 
VAN  i>RR  Vkqt  have  made  the  same  obaervatkm  on  Uie  canals  in  OveryMel  and  in  South 
Uolluid  (See  tlie  acooant  of  Die  above  mentioned  meetinic^. 
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The  various  syBtems  may  be  divided  in  two  groupei,  comprising, 
P.  sygtonB  of  Egging  or  towing  by  an  immemd  chain  or  c/AU;  2f*.  aystoniB 
of  towing  by  eablm  worioi  from  lAe  banJm  of  the  «ema/. 

a.  T  <)  w  a  g  0. 

Towafjp  haa  been  in  practice  for  a  long;  time  on  several  rivers,  amonp 
othorr*  on  the  canalised  Seine,  the  Elbe,  the  Rhine  between  Bonn  and 
Bingen,  the  Neckar,  the  Danube,  the  lit  lgian  canalised  Maaa,  and  it  may 
be  safely  asserted  that  this  system  is  of  great  importance,  where  it  is 
a  question  of  ocnuddentble  txaffic  on  rive»  with  strong  indines.  In  such 
cases  and,  espetnally,  if  the  depth  of  water  is  weak  the  tow-boats  snr- 
passes  all  its  rivals  in  navigating  on  the  ascent.  It  Is  not  at  all  the  same 
thing  on  rivers  with  a  small  incline  especially,  if  the  width  and  the 
depth  of  water  are  sufficient.  The  towage  established  on  the  lower  Rhine 
between  Rotterdam  and  Kuhrort  had  no  success;  and  the  service  was 
Buspeuded  in  1878  after  a  short  exiBtenoe. 

We  may  say  that  towage  by  cable  or  chain  oilers  no  advantage  of 
any  importance  for  navigation  on  rivers  of  a  free  corwit  in  the  Nether- 
lands. Strictiy  speaking  we  might  except  the  Mass  from  Venloo  to 
Maestricht,  whidi  is  scarcely  navigable  on  account  of  its  strong  indines 
«nd  insnffldent  depth  of  water  |  but  the  canal  fkom  Maestricht  to  Bois* 
le-Duc  takes  the  place  of  the  river. 

Towage  has  not  been  much  employed  on  canals,  becansei  as  a  rule, 
traction  on  canals  does  not  necesaitate  much  power. 

Again,  locks  are  often  an  obstar-lc  to  the  formation  of  suitable  trains. 
The  system  ha^  the  advantage,  that  it  spares  the  banks;  on  the  other 
hand  the  speed  is  limited. 

Above  all,  the  meeting  of  two  trains  gives  rise  to  difficulties  and  con* 
dderable-  loss  of  time,  because  each  tow-boat  has  to  orahange  his  train 
for  the  otiier.  Therefore,  the  canal  should  be  divided  in  sections,  on 
whidi  the  tow-boats  make  a  r^^lar  service  in  turns.  This  requires  a 
large  amount  of  plant  •inr\  crreat  ref!:iilarity.  Or  the  tow-boat  might  des- 
cend and  ascend  the  canal  in  it^  entire  length,  which  would  lessen 
exceedingly  the  number  of  trains  per  day. 

The  system  of  drawing  on  a  chain,  which  is  rolled  a  number  of  times 
on  drums,  or  on  a  cable,  which  is  seimd  by  the  claws  of  a  Fowur 
pulley  gives  rise  to  «ctraordinary  tension,  which  causes  rupture  of  diain 
or  cable. 

To  obviate  these  defects  of  the  system,  which  are  in  part,  also  felt  on 

rivers  and  on  canalised  rivers  Mr.  BEi.MxaRATn  has  invented  and  applied 
on  the  tow-boats  on  the  Elbe,  pulleys  which  exercise  only  a  normal 
tension  on  the  chain.  Mess".  Momno.s  and  de  Bovet  have  sought  for 
and  found  a  new  system,  which  alluvva  of  the  throwing  of  the  chain 
into  the  water  without  difficulty  at  any  point  of  the  journey. 
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This  system  k  composed  of  b.  pulley  of  which  the  points  flonstitate  the 
two  poles  of  an  dectro miignet,  by  which  the  chain  is  kept  In  it^i  place. 
They  propose  to  replace  the  present  tow-boats  by  others  furnished  w^ith 
an  apparatu!^  whu>h  Khould  only  be  used  on  the  ascent.  Their  system 
oouid  ultH)  be  applied  on  canals. 

Mesa''*.  M(tLiNos  and  dr  Bovkt  propogo  to  place  on  the  boats  a  small 
magnetic  pulley  and  a  dynamo  capable  of  giving  a  three  hort»e  power, 
which  would  be  snffieient  to  render  to  the  boat  speed  of  3  Km.  per  honr. 
The  madhine,  of  a  total  weight  of  1500  Kg.  wotild  be  put  on  board  at 
the  entrance  of  the  canal  and  delirered  up  on  leaving.  Two  cables  con- 
nected at  certain  distances  above  or  below  the  canal  would  form  the 
electric  condtt(^<»,  furnishing  the  current  to  boats  ascending  and  des- 
cending ^^'  iiHMns  of  rnnners  and  flexible  wire??  in  the  manner  employed 
on  electric  tramways.  The  wires  would  be  in  connection  at  one  of  their 
ends  with  the  runner  and  at  the  other  with  the  dynamo  and  HU[)i>ortcd 
by  a  pulley  fixed  to  the  mast  and  no  mauitained  alx>ve  the  tt)w-path. 

Works  £>r  the  production  of  eleetricity  would  be  distributed  along 
the  canal. 

The  immeiged  chain  would  weigh  4  Kg.  per  meter. 
In  a  huge  canal  there  would  be  two  chains. 

This  arrangement  is  without  dcmbt  i>racticable  and  even  attractive; 
it  appears,  however,  to  be  not  without  difficulties.  In  the  first  place  the 
system  has  the  same  fault  as  that  of  Mr.  Boitome,  who  al^o,  made  the 
proposal  of  placing;  transposable  traction  apparatus  on  each  boat  (pres- 
tiion  pulley  and  locomobile).  It  is  true  that  the  weight  of  the  apparatus 
proposed  by  Mess.  Mollinob  and  db  Bovkt  is  not  excessive,  at  least  for 
a  speed  of  8  km.,  but  the  pladng  on  board  of  the  boat  and  tiw  establis- 
lement  of  the  chain,  as  well  as  the  discharge  would  take  up  much  time 
and  necessitate  the  use  oi  cranes.  This  inconvenience  would  especaaly  be 
felt  on  short  canals.  It  appears  to  me,  also,  that  it  is  not  an  easy  matter 
to  throw  the  chain  and  to  take  it  up  again  at  the  meeting  of  two  l>oats, 
and  thepe  meetings  would  be  rather  freqnent,  as  the  bnatf  would  trav'el 
singly.  For  the  placing  of  two  chains  the  bottom  of  the  canal  would 
have  to  bo  very  wide;  otherwiBo,  the  chains  would  be  likely  to  mix  one 
with  the  other.  And  even  on  very  wide  canals  this  danger  would  still 
exist  on  curves ;  while  we  most  not  lose  sight  of  the  fiMst,  that  boats, 
and  in  the  first  instance  those  with  a  great  draft  of  water  always  seek  to 
follow  the  aa^is  of  the  canal,  especially  at  night»  in  oxder  to  avoid 
damaj^  and  they  are  obliged  to  keep  at  a  distance  from  the  banks  to 
avoid  encountering  boats  aud  rafts  moored  there.  For  highw  speeded  the 
system  becomes  impracticable  and  complicated  if  the  tonnage  of  the 
boats  varicB  mnch,  and  it  becomes  necessary  to  have  a  supply  of  apparata 
of  ditl'erent  .sizes  and  powers. 

The  same  defects  are  found  in  the  system  of  M'.  Bvissek  (at  Oderberg) 
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who  also  proposed  to  provide  each  boat  with  a  pulley  and  a  dynamo, 
and  to  work  the  dynamo  by  an  electrio  cixnent  oonducted  by  cables 

alon^  the  canal. 

It  may  be  askoi  if  it  wonld  not  bo  better  to  osteblish  the  iii)paratu8 
(puUeyB  and  dynamo)  on  t^niall  tug-boats  contmuaiiy  in  service  on  the 
oanal.  Thia  would  neceHflitatii  a  staff  of  attmdanta,  but  on  tiw  other 
hand  there  would  he  no  need  fbr  a  staff  for  loading  and  anloading  the 
appaTatuB  and  mudli  time  would  be  gained. 

The  question  of  motive  power  could  then  be  separated  from  the  question 
of  traction,  which  woiild  be  a  great  advantage.  By  placing  the  transposable 
apparatus  on  board  of  the  boat  we  are  necesBarily  obliged  U)  esUibliBh 
an  electric  current  alon^  the  canal,  as  the  loading  and  dincharging  of 
locomobilob  would  be  impra*;tic'ablc.  By  placing  them  on  board  of  nniall 
tug-boats  any  motive  power  and  any  kind  of  motor  could  be  used,  elec- 
tricity, ordinary  steam  engines,  ateam  engines  of  the  Skbmwat  system, 
petroleum  engines,  aceuraulatora  etc.  The  SNFOLLKr  engines,  petroleum 
engines  and  aeoumulatois  ate  very  convenient  and  economical  and  are 
especially  worthy  of  attention. 

Tn  this  case  the  steam  of  steamboats  could  be  employed  to  set  the 
pulley  and  the  dynamo  in  movement,  which  would  permit  of  the  passage 
of  thertii  boat**  on  canals  on  which  the  nse  of  the  screw  could  not  be 
allowed.  On  leaving  the  canal  the  steamboats  would  continue  their 
journey  in  the  usual  way. 

Towage  is  applied  witti  much  suooeas  on  the  SiQuentin  canal  (ordinary 
towage)  and  lat^y  at  Pouitty  on  the  Burgundy  canal  according  to  the 
project  of  M'.  Qalltot  (eleetric  towage:  tow>boat  with  presabn  whed  and 
dynamo  receiving  the  electric  current  by  cx>ndueting  cables  along  the 
canal;  the  current  is  provided  by  the  turbines). 

But  in  this  case  the  boats  have  to  be  passed  through  short  tunnels 
(of  a  few  kilometers),  where  the  canal  hap  only  a  single  way  and  boato 
navigating  in  trains  pass  alternately  in  une  direction  or  the  other. 

Towage  is  also  applied  on  the  canal  from  Brussels  to  Willebroeck; 
trains  travel  there  at  a  rate  cf  5.1  km.  per  hour,  and  in  a  satisfactory 
roannn.  But,  the  service  ia  established  by  the  town  of  Brussels,  whic^ 
owns  the  canal,  and  towage  (in  trains)  is  obligatory. 

It  appears  to  me  that  we  may  cmftdude  as  follows:  A  satisfactory 
solution  to  the  problem  of  towage  on  canals  peemfi  to  he  not  yet  found. 
Towage  by  magnetic  pulley  shows  great  progress  as  regards  mechanical 
traction  on  rivers  and  eaiuilised  rivers.  With  respect  to  traction  on  canals, 
the  employment  of  the  magnetic  pulley  invented  by  M'  db  Bovbt  may 
o^r  tbe  same  important  advantages,  but  the  most  practical  application 
of  it  has  not  yet  been  discovered  and  fhrtfaer  studies  and  experiments 
are  required. 
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b.  Traction  by  maohines  or  apparata,  placed  along 

the  canal. 

The  remarkable  experiments  in  traction  by  machines  or  apparata  placed 
along  tiie  canals  which  have  been  made  in  France  and  in  PrnBsia  include 
cable  towage  and  towage  by  loooinotire,  Theee  experiments  axe  too 
well  known  to  be  given  here  in  detaiL  (1) 

CoAie  toivage  ha«  been  triefl  in  practice  by  Meas"  Rtgoni,  Orioi.lk 
and  I.BVY,  but  it  is  only  the  system  of  M"^  Mauriof  T.evy,  which  has 
been  the  object  of  very  serious  experiments  on  the  part  of  the  French 
and  the  Prui^Hian  governments.  The  system  has  been  in  use  a  certain 
time  on  the  St  Maur  canal  and  (m  the  Si  Maurice  canal  near  Charenton. 
where  all  poenble  technical  difficulties  are  united.  The  system  is  to  be 
definitely  established  on  the  dividing  reach  of  the  canal  from  the  Aisne 
to  the  Marne  (in  the  tunnel)  and  studied,  also  on  a  section  of  the  St. 
Quentin  canal. 

The  experiments  made  in  France  and  in  Prussia  have  shown  that  the 
system  is  practicable  and  that  it  will  probably  render  ver>'  satisfactory 
results  from  an  economical  point  uf  view. 

The  extremely  simple  and  ingenious  manner,  in  which  the  boats  are 
attached  to  the  endless  cable  allows  each  boat  to  commence  and  to  ter- 
minate its  journey  at  any  place  and  at  any  moment  The  question  of 
passing  the  attachment  rope  by  the  pulleys  has,  also,  found  a  perfect 
solution. 

Nevertheless,  the  experiments  have  shown  one  prcat  difficulty,  viz.,  the 
rotation  of  the  endless  cable.  We  must  believe,  however,  that  this  will 

be  ohviat-ed.  (2) 

However,  the  question,  whether  this  ingenious  sydtcui  can  be  applied 
with  success  to  the  working  of  canals  of  a  certain  length  and,  on  which 
there  is  a  vexy  variable  trMBc  of  boats  of  different  tonnage  is  still  open. 

In  such  a  case  the  canal  would  have  to  be  divided  in  several  rather 
small  sections,  each  having  its  own  endless  cable.  But,  nevertheless,  the 
nnmbtt  or  the  total  tonnage  of  the  boats  moored  at  one  time  to  the 
•endless  cable  might  become  too  great;  besides,  the  attachment  of  bnatp 
exceeding  a  certain  tf>nna<rp  might  give  rise  to  shocks  and  cause  niptures. 

The  endless  cable  must  be  in  continual  movement  during  all 
the  day  and  during  a  part  of  the  night,  even  if  there  are  no  boatB.  This 
movement  together  with  the  side  pull  of  the  boats  must  cause  a 
very  great  wear  of  the  cables  as  well  as  of  ttie  pulleys,  especially  in  " 


(1)  In  iSM  I  bad  the  plnaure  of  ti^'flag  a  fiill  aeorant  of  UMse  eiperiiMflts  in  «Die 

Ingenieiii  "  no.  4  of  '21|,    f  ianiiary. 

(2)  BusSKR  (of  Oderberg)  has  pioposed  the  employment  of  a  (lat  cable  instead  of 
a  nmnd  eable  and  to  work  It  bj  meana  of  oleetrte  nwtora. 
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curves.  The  changing  of  the  cable  must  take  up  ooneideiable  time.  In 
order  to  avoid  interraption  to  the  navigation  the  change  will  be  effected 

on  Sundays  or  in  the  winter,  but  in  case  of  breakage  of  the  cable,  navi- 
gation will  hp  n(K*ef»aarily  interrupted  and  the  eft'eot  of  the  accident  will  he 
felt  on  every  part  of  the  canal  These  breakages  iiuiy  become  dangerous, 
especially  in  the  middle  of  villages  situated  along  the  canal. 

The  speed  is  restricted  and  does  not  exceed  0.7  m.  p<'r  Becond 
(2'/2       per  hour),  but  thece  are  hopes  that  it  may  be  brought  up  to 

1  m.  per  second  or  8'/s  km.  per  hour,  which  is  certainly  the  extreme 
limit  in  view  of  the  attachment  of  boats  of  a  large  tonnage.  The  speed 
is,  of  course,  absolutely  the  same  for  all  the  boats. 

Traelion  by  locomolutef  first  tried  in  France,  under  very  un&vourable 
ponditions.  has  been  again  tried  in  Pmssia'  From  a  technical  point  of 
view  the  results  were  satisfactory,  but  from  an  economical  point  of  virw 
not  at  all  so.  Still,  it  .•^eeios  to  me,  that  in  certiiin  cAse^  this  syeteiu 
may  oiler  real  advantages.  The  rate  of  speed  may  be  brought  up  to 

2  m.  per  second  (7.2  km.  pw  honr)  if  not  more,  and  the  wear  is  but 
small.  The  expenses  of  first  establishment  are  great,  but  do  not  much 
exceed  those  of  cable  towage,  which  are  estimated  at  18000  to  26000 
francs  the  kilometre,  at  leaet  when  the  road  at  the  side  of  the  canal 
admits  of  the  laying  down  of  rails.  This  road  must  be  sufficiently  wide 
and  the  canal  must  not  have  curves  of  too  small  a  radius,  or  have 
inauy  locks. 

The  employment  of  ordinary  locomotives,  which  are  not  very  econo- 
mical machines  would  generally  render  the  working  expenses  too  high. 
It,  also,  appears  to  me  that  engines  of  a  rather  low  poww,  worked  by 
electricity  mi|^t  afford  the  best  results.  The  arrangraoent  would  then 
ressmble  that  of  an  electric  tramway,  if  neoessaiy  with  cogs,  whidi 
instead  of  drawing  carriages  would  draw  a  boat  or  a  number  of  boats. 

IV.  THE  QUEi^TION  OF  PROPULSION  AND  TRACTION  ON  THE 

CANALS  IN  HOLLAND. 

We  need  not  speak  of  the  rivers  and  of  the  Zuidersee,  on  which 
mechanical  towsge  is  excluded,  and  on  whidi  the  present  systems  of 
propulsion  (sailing-boats,  steam-boats  for  passengers  and  for  cargo,  with 

screws  or  with  paddles,  tug-boats)  have  taken  suflBcio&tly  definite  forms, 
which,  although  they  certainly  allow  of  much  imprt^vement  comply  very 
V  well,  on  the  whole,  with  the  re(|nireinentH  of  the  traffic.  The  same  may  be 
said  of  the  maritirae  canals ;  there  remain,  therefore  only  the  canals  for 
inland  navigation,  the  net  of  which  is  divided  by  the  Zuiderzee  and  tho 
rivers,  in  such  manner  that  the  length  of  the  canals  is  limited.  On 
leaving  canals  boats  are  obliged  to  have  reoourse  to  tugs,  to  sails  or  to 
their  own  steam  engines. 
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Hm  nev  systems  cf  meciiiniTqil  teaotion  of  which  we  have  spoken 
above  are  oonfined  to  the  oanal  on  which  they  are  establidied,  which 
eonstttates  a  disad^aiitage  in  c(Hn|Mueiaon  with  tags  and  cargo*boata. 
They  require  a  regular  eervice,  which  always  beoomes  expengive,  for  the 
semoe  muat  be  so  organised  as  to  comply  —  as  far  as  possible  —  with 
the  maximum  traffic,  while,  as  a  general  mle,  the  traffic  is  not  at  all 
regular.  Consequently,  the  prices  of  transport  or  the  prices  of  traction 
per  kilometre  ton  do  not  descend  to  a  sufficiently  low  point  unless  the 
total  transports  are  considerable.  It  has  been  calculated,  that  the  annual 
mimminn  traffie  necessary  to  render  cables  towage  rraranwative  is 
about  one  miUion  tons. 

Table  A  dkows  that  this  tonnage  is  nearly  attained  or  exceeded  on 
the  following  canals :  1'.  from  Groningen  to  Lemmer ;  2".  the  Meppeler- 
diep ;  3».  the  frreat  North  Holland  canal ;  4*.  the  Mcrwcde  canal ;  the 
Keulsche  Vaart ;  6°.  the  cJinal  from  CJoiida  t^a  Ain'^t'^rdam  via  the  Clouwe 
and  the  canal  along  the  drained  Lake  of  Haarlem  ;  7°.  the  Ainstel ; 
8".  the  canal  from  DelfsluiTen  to  Leyden ;  9".  the  canalised  Dieze ; 
lO".  the  canal  from  MaeBtridit  to  Liege ;  11*.  Hie  canal  across  Sonth- 
Bevdand. 

However,  the  figores  of  the  annual  tonnage  (mly  refer  to  a  certain 
part  of  each  canal ;  also,  they  do  not  represent  the  weight  of  goods 

carried,  bat  give  only  the  measure  of  capacity  of  the  boats  (1). 

Of  these  canals  n»».  2,  0  and  11  are  too  short  and  their  condition  is 
of  too  special  a  nature  for  them  to  be  suitable  for  the  establishment  of 
mechanical  traction. 

On  the  canals  w*.  1  and  3  to  8  there  is  a  very  intense  local  naviga- 
tion of  small  boats,  wluch  travel  only  smaU  distances.  The  nnmber  of 
lodes  on  these  canals  being  very  fiaw,  it  is  not  quite  dear  in  what  way  a 
regnlaar  anvice  for  this  locsl  navigation  could  be  arranged.  Cable 
towage  would  allow  free  movement  to  these  small  boats,  but,  as  this 
movement  is  often  on  one  pjirt  of  the  canal  between  two  locks,  it  would 
be  necessary  to  hire  out  the  attachment  cords  by  spare  of  time.  It  is  to  be 
feared  that  such  an  arrangement  would  not  be  eucces.^ful,  especially,  on 
account  of  the  opportunity  it  opens  for  fraud  and  of  thu  dilUculty  of 
control.  Neither  is  the  system  of  Mess"  Molinos  and  ok  Bovbt  suited 
to  this  local  navigation.  Only  traction  by  locomotive,  by  special  tow 
boat  or  tag  ia  applicable  to  boats,  which  have  to  travel  a  certain 
small  difltanoe. 


(1)  If  we  calciilaU^  the  average  tniuiiij;i-  nf  tlii>  Imats.  we  obtain  the  following  figures  : 
aO,  eO,  4&\  67  to  81,  42,  80,  6S,  16  to  ',ta,  80  124  and  1U6  cuIhc  inet«n.  These  average 
flgores  have  no  real  value,  hut  they  show  deariy  1*.  that  th«  dimensions  of  the  boats 
are  very  varied,  and  2*.  that  on  the  canals  {for  example  n'^*.  3,  4,  5,  6:  7  and  8>  which 
are  navigated  by  boats  of  a  large  tonnage,  tiie  number  of  small  boats  is  so  great  that 
the  avenge  tonnage  renudm  nnatt. 
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For  Buooett  a  considerable  and  oontiniioufl  traffic  on  the  whole  of  the 
length  IB  needed  and  this  ie  only  to  be  foimd  on  the  canals  connecting 
Amsterdam  with  Gooda  and  witli  the  Lek  at  Vreeewijk  (Merwede  canal). 

TheH;e  two  canals  are  in  the  first  instance  worthy  of  study  and  after 
theui  the  canal  from  (ironingen  to  I/emraer  and  that  iVoin  Liej^e  to 
MacHtricht,  and  perbajjs  alao  the  caual  from  Maeetricht  to  Boi»-le-(luo. 
On  thiti  la£t  the  total  tonnage  does  not  reach  the  desired  limit,  but  the 
ticaiMitMry  or  direct  tnffie  is  of  sufficient  importanee.  Tiaetion  by  locomo- 
tive and  cable  towage  are  excluded  on  the  canals  tarn  Qroningen 
to  Lenimer  and  from  Amsterdam  to  Gouda  on  aooount  of  tha  lakes*  of 
the  want  of  solidity  in  the  land  and  of  other  local  difficulties.  On  the 
Merwede  canal  from  a  technical  and  local  pcnnt  of  view  the  various 
systems  are  practicable. 

Nevertheless,  a  great  difficulty  remainn,  that  ia,  the  financial  question. 
The  cost  of  first  ^"itabUflhment  and  the  working  expenses  are  very  large 
and  the  competition  of  other  means  of  traction  very  active. 

The  Ftench  canals  are  in  a  much  more  &vonrable  situation,  as  regards 
the  application  of  new  systems  cf  traction.  They  are  of  great  length  and 
thdr  lodes  are  of  nearly  uniform  dimensions.  There  is  a  vwy  ooimde> 
rable  traffic  of  goods  transported  firom  one  river-basin  to  another,  a 
traffic  which  traverses  the  whole  or,  at  leant,  a  great  part  of  the  canal, 
while  the  large  number  of  locks  is  a  serious  obstju'le  to  st<^ani  navigation 
Nevertheless,  in  France,  aa  elsewhere,  the  diftieultv  ha8  been  felt  in  the 
establishment  of  mechanical  traction  of  ensuhug  the  quantity  of  trans- 
ports necessary  to  reduce  the  price  of  ttsdaon  to  sndi  a  point,  that  it 
can  compete  with  the  systems  of  traction  in  use. 

In  the  Netherlands  this  straggle  is  especiBlly  difficulty  because  steam 
navigation  is  nearly  everywhere  sllowed  and  possesses  incontestable 
advantages.  The  togs  travel  at  a  ralher  high  speed  and  take  boats  to 
alniost  any  place.  Mechanical  traction  can  only  serve  on  a  part  of  the 
way.  Certainly,  the  latter  system  may  allow  of  more  regularity  and  of 
transport  at  fixed  prices,  but  these  advantages  are  counterbalanced  in 
part  by  the  loss  of  time  incurred  in  the  foriuatiou  of  trains,  the  delay 
in  waiting  for  the  train  travelling  in  the  opposite  direction  or  the  restricted 
rate  of  speed,  while  regularity  is  in  the  highest  degree  uncertain  by 
the  mov^le  rsilway  bridges  (1). 

In  cedar  to  obviate  the  financial  difficulties,  which  oppose  the  establish- 
ment of  new  systems  of  mechanical  traction,  it  has  been  proposed  to 
create  monopolies  of  tnu^tion  on  canals. 

The  idea  has  been  already  put  in  pra<'ti(  e  by  the  town  of  Brussels.  It 
appears  to  rae,  however,  that  to  this  serious  objections  may  be  raised. 


(i)  The  section  of  the  Merwede  can&l  from  the  i.ek  to  Ani.<!tcrdaiu  is  the  only  canal, 
wbich  is  CRMMd  bj  raili«ajr>  oo  devatad  flMd  bridges. 
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li  i»  evident,  that  in  orea^g'  this  monopoly  an  exception  must  be 
made  with  legurd  to  boats  poeeeefling  thdr  own  means  of  propnlBion. 

The  question  is  thus  confined  to  boats  tagged  or  towed,  but  it  may 
be  asked  by  what  right  oonld  towage  by  manual  labonr  or  by  horses  be 
forbidden,  and  for  what  motive  tugging  could  be  prohibited,  if  the 
dinienaioriR  of  the  canal  and  looal  circumstances  admit  of  it.  It  must 
not  be  forgotten  that  the  price  of  traction  constitutes  only  a  part  of  the 
expense  of  transport  and  that  these  expenses  themselves  do  not  form  the 
only  ftctoT  to  be  taken  into  consideration.  Fteqnently  economy  of  trao- 
tion  must  be  saboidinate  to  the  working  and  commercial  requirements. 

The  example  of  railways  has  been  quoted  and  a  proposal  has  been 
made  to  establish  analogous  servi  •  -  n  canals.  But  there  is  an  enormous 
difTeri  ncc  between  railways  and  canals,  which  admits  of  no  comparison 
as  regards  the  working.  Cauals  are  ways  of  comnmnication  open  to  all 
the  world ;  on  railways  it  is  absolutely  impossible  to  allow  any  such 
liberty  of  movement 

In  spite  of  incontestable  prejudices,  an  abnoet  absolute  monopoly  has 
had  to  be  (tteated,  but  this  monopoly,  a  necessity  for  the  public 
security,  gives  at  least  some  real  advantages,  such  as  that  of  transport 
at  a  high  rate  of  speed  and  at  yeiy  moderate  prices. 

Further,  railways  take  charge  of  the  transport  of  goods  to  their  desti- 
nation, while  on  the  canal  the  Company  (or  the  State)  enjoying  the 
monopoly  of  traction  certainly  does  not  attend  to  the  ulterior  transport. 

It  is,  thus,  to  be  foreseen  that  a  monopoly  of  traction  on  a  canal 
would  not  benefit  commerce;  on  the  contrary,  the  speed  of  transports 
would  often  be  reduced,  and,  above  all,  small  inland  and  local  naviga- 
tion, requiring,  ss  it  does  the  greatest  liberty  and  simplicity  would 
suffer. 

With  regard  to  the  Netherlands,  I  am  pleased  to  believe  that,  with  a 

few  exceptions  in  special  cases  ever}'  svafpm  of  traction,  which  docs  not 
admit  of  the  employment  of  other  means  of  traction  at  the  same  time  and 
which  restrains  liberty  of  navigation  is  inadmissible,  as  is,  likewise  any 
monopoly. 

V.  CONCLUSIONS. 

Inland  navigation  demands  greater  regularity,  a  higher  rate  of  speed 
and  a  diminution  of  expense.  A  good  working  only  being  possible  on 
canals  which  are  properly  established,  the  State  and  the  proprietors  of 
canals  should  endeavour  aV)olish  all  obstacles,  which  stand  in  the 
way  of  th^  legitimate  requirements,  in  this  respect  there  is  much  to 
be  done. 

Locking  generally  takes  up  far  too  much  time;  and  the  moveable 
bridges  on  railways  are  the  cause  of  considerable  delays.  Any  increase  of 
efiKbvm.  s* 
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the  rate  of  speed  will  be  useless,  all  improvement  in  the  regularity  of 
th«  service  or  in  traction  tviU  be  witbont  effect  ooless  theee  snioaa 
difflcttltiee  are  remedied. 

More  iinifonnity  should  eziit  on  canals,  in  the  sense  that  the  navi^a- 
tion  of  a  canal  or  of  a  net  of  canals  should  no  longer  be  ruled  by  the 
diraenBions  of  a  single  lock,  a  single  bridge  or  of  a  local  depth,  and 
hoixu  of  an  aven^o  tonnage  should  be  able  to  narigate  all  the  prin- 

cipal  ways. 

The  niorr  iiiiiiortant  canals,  which  connect  the  sea-porte  and  the  large 
commercial  towns  with  the  rivers  deserve  special  attention.  In  the  ^t 
place  the  canals  Smm  Amsterdam  to  the  Rhine  and  from  Amsterdam  to 
Rotterdam  dkonld  comply  with  all  the  lequirementB  of  a  large  fluvial 
navigation.  It  should  be  possible  to  Idck  entire  trains,  and  the  looks 
should  be  furnished  with  suitable  apparatus  for  accelerating  the  process 
of  locking. 

The  loss  of  time  and  the  delays  in  the  ports  should  be  reduced;  the 
appliances  far  loadinjr  and  unloadincr  require  considerable  extension. 

Every  poesible  facility  should  be  accorded  to  steaninavigation ;  and 
with  this  object  various  canals  should  bo  rectified,  widened  and  deepened. 
The  enlargement  of  cross  section,  by  diminiehiug  enormously  the 
resistance  of  the  boats  appears  preferable  to  any  other  method  for  the 
protection  of  the  bermes.  In  cases  wh&ee  the  width  (tf  the  canal  cannot 
be  increased  without  incurring  too  much  expense,  the  lowering  of  the 
bed  may  afford  an  efficacions  improvement.  The  great  efTect  of  depth 
is  clearly  demonstrated  by  the  experimental  researches  of  Mr.  f'AMftafe. 

Locks  fhould  be  m  eonptructcd  as  to  allow  of  several  boats  being 
locked  at  the  mwc  Uv:\p.  cunalH  of  limited  dimensions  the  employment 
of  two  small  lockr  ^ule  t)y  side  seemB  preferable  to  the  employment  of 
one  larger  lock.  Small  locks  at  the  side  of  larger  locks  would  be  also 
very  us^l  on  large  canals. 

By  these  means,  as  well  as  by  the  lowering  or  the  abolition  of  tolls 
the  working  expenses  would  be  reduced  to  the  utmost  degree. 

In  this  manner  endeavours  should  be  made  to  gradually  create 
na\n«?ahle  ways  allowing  on  all  of  their  ]iarts  an  ordinary  average  speed 
of  at  least  10  to  12  km.  per  hour  to  steamboats  travelling  singly;  and 
this  seems  possible  Avithout  the  ontlav  of  extravatrant  sn^ns. 

On  the  other  iiand  navigation  ahould  teml  to  a  more  complete 
utilisation  of  plant  and  more  unity  in  working.  This  object  might  be 
obtained  by  association,  which  at  the  same  time  might  lead  to  more 
stability  in  flie  tariffii  for  tugging.  A  service  in  turns  on  the  rivers  and 
on  the  principal  canals  by  cargo  and  tug-boats  would  probably  ^ve 
satisfactory  results. 

With  r^rd  to  the  question  of  the  most  economical  organisation  of 
traction  and  propulsion  on  canals,  ^xopvtlj  speaking,  it  is  not  yet 
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iolved  in  a  Mnite  maamer*  Ynt^etSiy  at  least,  it  doM  noteeem  capable 
of  a  general  Bolntioii.  Each  case  deman«to  special  study,  taking  into 
account  local  dicmnatanoeB,  the  dimensioiui  of  the  canal  and  of  the 
boata,  the  division  of  tranaporta  eto. 

Besides,  the  question  of  propulsion  and  traction  cannot  be  tr^ted 
separately,  but  niu^t  be  conneotfd  with  tliat  of  the  working  of  the 
canal  or  canals  on  all  their  length  with  regard  to  the  requirements  of 

coinineree. 

The  creation  of  a  monopoly  of  traction  on  a  canal  appears  not  admi8> 
iible  except  in  special  cases. 

The  study  of  the  entire  net  of  navigable  irays  in  the  Netherlands 
leads  us  to  the  oonviction  that  for  most  of  tiieae  canals  the  systems  of 
free  propulsion  of  boats  and  of  traction  by  tug-boats  should  be  placed 
in  the  first  rank.  These  systemp  allow  a  hip;h  rate  of  epcpf!;  they  are 
suited  for  general  upp;  they  are  capable  of  tiiking  boats  to  any  place  on 
a  naviirable  way  and  into  the  centre  of  towns,  while  allowing  the  greatest 
liberty  to  the  entire  navigation.  Above  all  the  navigation  of  cargo  boats, 
tugging  in  ease  of  need  one  or  two  boats  appears  to  merit  special 
attention.  The  free  movemeni  of  each  boat  permits  cf  its  travelling 
without  danger  at  a  .higher  rate  of  speed  than  can  be  allowed  to  trains, 
which,  together  with  the  absolute  independanoe  enjoyed  constitutes  a 
great  advantage. 

The  most  useful  manner  of  employing  small  motors  worked  by  steam 
(Skrpollet  among  others)  by  petroleum  (Van  Rrnxks)  and  electricity 
(accumulators  etc.)  capable  of  being  u^ed  on  small  boats  must  await  a 
more  special  study. 

On  some  canals  which  have  a  regolar  and  direot  traflie,  in  the  first 
place  on  the  canal  from  Amsterdam  to  the  Ldc  at  Vreesw^k,  cable 
towage,  traction  by  locomotive  and  towage  by  a  tow-boat  furnished  with 
a  magnetic  pulley  are  worthy  of  full  examination. 

Finally,  it  ip  of  the  highest  importance  to  continue  on  the  canals  of 
the  Netherlands  with  boats  of  various  forrnt;  the  exfKjrimental  researches 
of  Mr.  Camkrk  and  of  Mr.  m:  Mas,  as  well  as  those  concerning  the  most 
suitable  rate  of  speed  for  screw-boats. 

In  concluding,  I  express  my  hope  that  at  the  VII'*'  lutwnational 
Congress  on  Inland  Navigation  the  Dutch  engineers  wiU  be  able  to 
produce  results  of  new  trials  of  txactlcm  and  new  experimental  vesearebes 
wortiiy  of  a  place  by  the  Bide  of  the  remarkable  researches  and  expert* 
mentP  made  in  France  and  in  Germany,  and  worthy  of  the  ,^uiitiy 
of  canals." 

The  SagM,  July  t894. 

Xcftiulated  b;  Qt.  I.  Rowlakd. 
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Muiimuui  tliutnaions 
of  canal. 


NAHE  OF  OAKAL. 


Munmni  iibatak-  < 

Bions  of  boats 
or  steamboats  (s). 


Depth. 
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Canals  in  the  provinces  of  Groningen  and  Frie«land. 

1.  Eems  oaoal  (from  anmingen  to  the  Ecms 

near  Delfegl)  .   .  .  

2.  Damstp^^i^p  ifrom  Qroningen  to  Dolfzijl) 

3.  Reitdii  p  i  trom  Groningen  to  the  I-niiw.  rzee) 

4.  'Winscdot.'rdic])  M ironingen  — Zuiiibrork )  . 

»nd         (Zuidbroek— WildorvHnk). 
Stad^kanaal  (Wilderrank— Ter  Apcl)  . 
6,  Canal  from  Qrooia^n  to  Lt^mmfr  viu  Ber 
gtmeFdam  and  branch  to  biavori'ii  .  . 

6.  Oanai  from  the  Nieuwo  Zijleo  (Lanwerzee)  to 

Harlingwn  via  Dokkom  and  Laeuwarden . 

Cualt  hi  the  tnvknu  of  Drwrtlic,  OvarytMl 
•Rd  GtMerhMd 

7.  Drontwhe  HoQfdT««rt  (Oanal  frdBi  Aaaen  lo 

Meppcl)  

8.  Menpelerdiep  (M.  j.pi  1    ZwartsluU)  . 

8.  Dedemsvaart  (from  Haaeelt  to  the  Ycoht).  . 
!0.  Orergeselaeli  oanal  (from  Zwolle  to  Almelo^ 
with  branchoH  

11.  WiUemsTaart  (from  Zwolie  to  the  Yaseh  . 

18.  Apeldoom«eh  minal  (Dieren— Hattpiii>  ,  . 

Canals  in  the  provinces  of  Holland  (Nord  and 
Mh)  ud  «r  IHrMkt' 

IS.  Foordxeekanaal  (Ifortb  Sea  oanal)  Amstor- 

dam — IJmuidon  

14.  Great  North  Holland  canal  (Amsterdam— 

Nieuwediep)  

15.  *  Morwedo  canal  (from  Amsterdam  to  &0 

Morwede)  

16i.  Ki-uisrlu'  vititrt  (oanal  from  AmatMdam  to 

Lvk  via  tlic  Vec>ht>  

J7.  Oude  Rijn  ifroni  Levilen  tu  (ioudtt*      .    .  . 

16.  Canalrt  (Vuni  Amsterdam  to  liotterdam: 

1".  tii.i]i  tho  Yssel  (^Oouda)  to  the  Oude 
Kiju  via  the  Oouwe  

2*.  from  the  Oude  Rijn  to  Amsterdam  via 
the  Anifit«l  ..... 

S*.  froiti  tlic  Oude  Rijn  to  AuisU'rHFini  via  tho 
uaiml  along  tiic  Htuirlenunurmecrpoldcr 

19.  Canal  from  Delfshavon  to  Leyden: 

!•.  Dt'lfshaven — Haagrliet  ...... 

Hitagvliet — Lerden  

20.  Canalised  Yiwel  of  Roll  find  ff'anal  from  Oouda 

to  the  Lek  via  Oudewater)  

21.  Toome  oanal  
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M. 


So 

feE 


up  ti 
1 


10.50 
5 


5(s) 


5(e) 


4.25 


140  hi 
ISDN 


1.60 


1.60 


7.80 
5 

5.90 

11.80 
4.15 


1.25 
1.80 
1.90 

1.4]  l| 

3.00 


200  Iji 


17.75 
15 

10.50 
7.50 


150 

1.38  j  75 


7.30 
4.80 

2.60 
2.10 


ISO  i 

I 

8S0  I 

200 
190 


7.60  8.10 

7.50  2.10 

7.40  I  2.10 

7.50  2.50 

6.35  I  2.20 


6,80  I  1.50  IvSOtolov: 
18.70  I  6.00  il  890 
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in  M.  Mr  aiittnto 


in  M. 


2.01 
to 


2.51 
to 

8.00 


more 
than 
8.00 


I- 


i;  * 
1^ 
12 
=  -s 
S.S'S 

S-S 
•"  a 

K  O 

a 

o 


Annual  movumuDt  of  inland  navi^^ation  boats  1U92. 


Number 

Total 

Of 

tonnagv 
In  oab. 

U18 

68808 

51M 

1S99I9 

876418 

18132 

903244 

9m 

788717 

3S41 

289558 

11B86 

55245! 

If  1/ W  1 V  1 

10188 

612785 

8568 

390325 

1093371 

I074T 

7835 

169094 

8165 

172442 

12766 

746337 

1486 

66961 

94068 

8710 

461348 

27024 

1232642 

17266 

I14»H9h' 

142-2 1 47 

16916 

709269 

85958 

1076888 

253»4 

2026371 

18544  (t) 

848866 

89881 

82250 

1339617 

44421 

1032841 

1U458 

294010 

7173 

524363 

P  L  A  C  & 


f  - 


I     -     I  - 


100 


IfiO 

20010150 

150 


150 


100 


180 

150tol25 

185 


150 


80 


150 

125 


150  (8> 

150(2) 


4 

2 


10 
I", or  Id 
'  of 
18  M. 

12 


I50to60 


t00tol20 


100 


12 


125 


8 
8 


Qfoningen. 

Swinghridge  at  Wianowoor. 
Look  ot  wototogo. 

Look  ol  Teendon. 

Swingbridgo  *t  BerpiiBordiWl. 
Look  at  Lomor. 
Look  mt  StOTOren. 

Boldwarderbrug. 

Large  look  »t  lUrliDfOB. 


Bridf,'!'  at  Dit'vi  r. 
Look  at  Zwarttiluia. 
Bolkbnig. 

Between  til'    H  n^'fjc  imii  Almulo. 
Between  DhhtIi-  Htid  tbo  Vooiit. 
Look  at  Katerveer. 
Look  near  Hewnberg. 


Look  on  the  ZvidoTwe. 

Look  at  Purmercnd. 
Locks  near  Anti^trnliiin. 

8wingbridgo  ut  MiMfAoen. 
Looks  at  Amttterdam. 
Old  look  at  Yreeewijk. 
Look  «t  Utrookt  (Tookt). 


Luck  at  (iuuda  i^Maliegattiluiit ). 


New  look  on  the  Amstel  at 
(t)  of  whiob  5801  are 
at 


at  Delft. 

Look  at  Leidsobondam. 

Look  near  Oouda. 
Look  at  Niuuwcidaiii. 
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ITAME  OF  OANAL. 


Htnimum  dimeniriona 
of  oaiuU. 


It  S 


B 


Maximum  dimen- 

ftioDB  of  bo«to 
or  alMunboats  (a). 


DM 


Depth. 
M. 


bo 

B 


H. 


J3 


up  to 


I    <  U 


Canals  in  the  provinces  of  Nortti  Brabaat 


SS.  Cannlifled  Diose  <fitno  Boift-lo-Duo  to  tb«  Hmm) 

S8.  Boutli  Willemsvaart    (from    Boia-le-Duo  to 
Maestricht)  

S4.  Cmal  tnm  Maeftrioht  to  Liego  


Canais  in  the  province  of  Zeclaad. 

25.  Cannl  arnws  Boutli-Bevwlaiui   40  10 

26.  Canal  across  Walohoren  (Flusiiing— Voere)  .  1 50  to  t»U|  8  to  21 
Vt,  Caiutl  tnm  Torneusen  to  Ohent  47.25  17 


54.40 

18.40 


40 

10 
9  to  11 


S.40 

2.10 
110 


r,.30 
7.45 
6.05 


56 

50 
80 


100 
130 
90 


11.80 

5(4) 
5(4) 


I 


I 


15.75 
19.75 
11.50 


1.00 

1.90 
1.90 


6.20 
7.10 
5.61 


ISO 


250 
250 

m 


■A 


(*)  The  Merwede  oaaal  wa*  ap«n«d  np  to  Yree««gk  on  Aogsit  the  4fili  1898. 
(I)  at  night  m  M. 
(8>  at  niffht  100  M. 

(8)  tnuttt  be  roduoed  to  75  M.  in  the  oentro  of  Tillages. 

(4)  With  a  Hpeoial  penniadon  boats  of  a  width  of  6.00  M.  may  naTigato  tte  oanaL 

(5)  With  a  apooial  pennissiini  the  speed  may  be  imweaied  up  to  180  M. 


J   in  M.  piT  minnte 


in  M. 


2.01 
2.60 


2.51 
to 
8.00 


more 
lliiin 


a  — 


"a  = 

=  a 

3.2  a 

•§  0 

K  O 


Aatinal  moTemeiit  of  inland  naTipUiMi  boats  I8BS. 


Number 

of 
boats. 


1  Total 
:  toin\iij?o 
'  in  chI). 


r     A  0  K. 


j0O|  - 

>  1 50 

t  I  r><) 

i    I  ITU 


120 


l.^0tol2.T  12.^ 
|.'>0tul2.')'  12:. 
llUtoUj  14^ 


18 

12 
12 


16740 

t  5497 

- ;  4032 


7t5S 

(i2t;i 
(;2y3 


1843417 

64155! 

494518 


Lock  at  Crdv«oo«Qr. 

Lwk  11* 
LtRik  u" 


r.  I),  twi  t  ii  Veghel  and  Eolmond. 
16  naar  Weert. 


8355421  hock  at  Haeatrioht. 

84686971  Lookft  at  Usiuiweert. 

7551781  Lo«ka  at  Yeel^. 

:!:ir)2;t,'>  f,iii'k!»  m  F-"liisbin<;. 

jyiUjO  Locks  at  .Sua  van  (ieut. 
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